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SUMMARY 
S a r c o l e m m a i s a s u r f a c e m e m b r a n e s u r r o u n d i n g m u s c l e f i b e r s . 
In s k e l e t a l m u s c l e , i t i s m a d e up of an enz y m a t i c a l l y a c t i v e p l a s m a 
m e m b r a n e , a f e l t - l i k e e l e c t r o n d e n s e b a s a l l amina a n d an o v e r l y i n g r e t i -
c u l a r l a m i n a c o n t a i n i n g c o l l a g e n a n d r e t i c u l a r f i b r i l s e m b e d d e d in an 
a m o r p h o u s m a t r i x . The b a s a l l amina a n d r e t i c u l a r l amina t o g e t h e r c a l l e d 
b a s e m e n t m e m b r a n e (BM). The o u t e r b o u n d a r y of BM i s not w e l l d e m a r k e -
t e d a n d i s somehow c o n n e c t e d to s u r r o u n d i n g c o n n e c t i v e t i s s u e ne t w o r k . 
For s t u d y i n g the s t r u c t u r e a n d f u n c t i o n of a m e m b r a n e , i t i s 
a p r e - r e q u i s i t e to h a v e a p u r i f i e d m e m b r a n e p r e p a r a t i o n h a v i n g i s a l l 
c o n s t i t u e n t s i n t a c t . S tudy of musc l e c e l l s u r f a c e m e m b r a n e i s h a m p e r e d 
due to t h e d i f f i c u l t y in i s o l a t i n g i t i n p u r e "form. From tim.e to t i m e 
s e v e r a l m e t h o d s h a v e been r e p o r t e d for t h e p r e p a r a t i o n of s a r c o l e m m a 
from v a r i o u s m u s c l e s . T h e s e m e i h o d s y i e l d e d m e m b r a n e p r e p a r a t i o n s 
to a v a r y i n g d e g r e e of p u r i t y . Most of t h e m e t h o d s i n v o l v e p r o l o n g e d 
(16 -30 h ) s a l t e x t r a c t i o n v /h ich may r e s u l t i n t o t h e damage c: enzym.e 
a c t i \ ' i t i c s . D r a s t i c homcf;eni ; :a t ion p r o c e d u r e s f o l l o w e d bv d e n s i t y g r a d i e n i 
cer.t r II ugat ion r e s u l t e d in to t h e f r a g m e n t a t i o n of s a r c o l e m m a a n a y i e l d e d 
v e s i c u l a r m e m b r a n e p r e p a r a t i o n s l a c k i n g t h e s u r i a c c c o m p o n e n t s s i t u a t e d 
e x t e r n a l to p l a s m a mem/mane ( i . e . b a s e m e n t meml j ranc ) . Such p r e p a r a t i o n s 
ma V nox iia'.'c t h e m,emorane p r o : ; . e r t i c s w h i c h a c t u a l l v e x i s : _in_ vi v•- . 
Hovve\'cr , •/c:-: i cu ia r io rm DI m;emorcr.o i s somct im.es im.por :ant for : r a n s p c : 
s t u d i e s . 
In t h e p r e s e n t s t u d y , f r c : s k e l e t a l m u s c l e sarcuicmm.a w a s i s o -
l a t e d u s i n g m i l d homiOgenication a n d e x t r a c t i o n p r o c e d u r e . Musc le c e l l 
f i b e r s w e r e made p e r m e a b l e to c h a r g e d i o n s a n d l a r g e m o l e c u l e s b y 
t r e a t m e n t w i t h t o l u e n e . To luene c r e a t e s m i n u t e p o r e s b y r e m o v i n g s m a l l 
p a t c h e s of s a r c o l e m m a on t h e s u r f a c e of m u s c l e c e l l s . T o l u e n e t r e a t e d 
m u s c l e c e l l s w e r e t h e n e x t r a c t e d w i t h 0 .4 M l i t h i u m b r o m i d e s o l u t i c r 
at J -4 °C for r e m o v i n g i n t r a c e l l u l a r m a t e r i a l . All t h e i n t r a c e l l u l a r m. ,-
t e r i a l w a s r e m o v e d b y l i t h i u m b r o m d d e w i t h i n a s h o r t p e r i o d of 5 h . 
The f i na l sa rco le .mmal p r e p a r a t i o n w a s h o l l o w , t r a n s p a r e n t c l e a r tur -
l i k e s t r u c t u r e in a p p e a r a n c e . It ' vas d e v o i d of a n y o t h e r subcc- i lu i r 
c o n t a m i n a t i o n and r e t a i n e d t h e e n s v m a t i c a c t i v i t i e s a t t r i b u t e d to s a r c o l . -
mma. S a r c o l e m m a l p r e p a r a t i o n c o n t a i n e d a l l t h e l a y e r s w i t h o u t any damage 
to t h e i n t e g r i t y of i t s c o n s t i t u e n t s . 
Most of the s tud ies r e l a t ed to sarcolemma a re cen te red on the 
inner ly ing enzymat ica l ly ac t i ve plasma membrane , whereas ve ry l i t t l e 
is known about the ske le t a l muscle ce l l su r face components s i t ua t ed 
ex te rna l to plasma membrane. Technical p r o b l e m s have h i n d e r e d the 
c h a r a c t e r i z a t i o n of these components p r i m a r i l y due to n o n - a v a i l a b i l i t y 
of pu r i f i ed ske le t a l muscle basement membrane p r e p a r a t i o n . Studies on 
the s t r u c t u r e and function of ske le ta l muscle basement membrane a p p e a r s 
to be v e r y much essen t ia l because it is known to play a s ignif icant 
ro l e in f i l t r a t i o n , s t ruc tu ra l organizat ion of t i s s u e s and c e l l - c e l l adhes ion . 
In a d d i t i o n , a l t e r a t i ons in basement membrane s t r u c t u r e and function 
have a lso been noticed in many d i sease s t a t e s . These s tud ies have main-
ly been c a r r i e d out on glomerular basement membrane , whereas not enough 
information is a v a i l a b l e on the s t ruc tu re and function of ske le t a l muscle 
basement membrane. The re fo re , we have c a r r i e d out de ta i l ed i so la t ion 
and c h a r a c t e r i z a t i o n s tud ies on frog ske l e t a l muscle basement membrane. 
As a p r e l i m i n a r y a t t emp t , basement m.embrane was i so la t ed from fro^ 
ske l e t a l muscle sarcolemma by s e l e c t i v e l y so lub i l i z ing the plasma mem-
brane wi th sodium dodecyl su l fa te . A s u i t a b l e concent ra t ion of SDS wac 
s t a n d a r d i z e d which could so lub i l i ze the plasma membrane c o n p l e t e i v 
leaving beh ind basement m.embrane. The i so la t ion of basement m.cm/orane 
was monitored by h y d r o x y p r o l i n e content wh ich is known to be p resen t 
in la r^e quan t i t i e s in BM col lagen. The p u r i t y of 3M •.vas checked b" 
the p resence or absence of markers o: plasma memorane. Since t h e r e 
is no accep ted marker for basem.ent membrane,we monitored l ip iu content 
as a pa ramete r to- check the extent of plasma membrane contamination 
in final BM p r e p a r a t i o n . Total p h o s p h o l i p i d s and cho les t e ro l contents 
were low in BM as compared to sarcolemma. L ip id pe rox ida t ion was 
a l so not d e t e c t a b l e in BM, whi le it was p r e s e n t in sarcolemma. Chemical 
composi t ion of i so la ted BM was a lso de t e rmined . 
Fu r the r s tud ies made it pos s ib l e to deve lop an improved method 
for the i so la t ion of basement membrane in more pur i f ied form. This 
method offers to i so la te BM d i r e c t l y from s k e l e t a l muscle and p r o v i d e s 
pure BM in good y i e l d . The BM thus p r e p a r e d was c h a r a c t e r i z e d with 
r e s p e c t to morphology and biochemical compos i t ion . Morphologica l ly 
BM p r e p a r a t i o n s when obse rved under l igh t microscope after p rope r 
s ta ining r e v e a l e d a hol low, c y l i n d r i c a l , c lear t r a n s p a r e n t s t ruc tu re without 
any i d e n t i f i a b l e ce l lu la r ma te r i a l . B iochemica l ly , BM was devoid of 
plasma membrane marker enzymes (Na + K -ATPase and 5'-nucleotidase). 
Total phospholipids and cholesterol contents were also very low in BM 
as cam.pared to sarcolemma. Attempts were m.ade to minimise lipid content 
of BM but a trace amount of lipid was always found in final preparations. 
The residual amount of lipid could be the part of BM. The possibility 
of lipids found in association with BM has been pointed out earlier 
by some other investigators in glomerular BM. Other chemical consti-
tuents namely, hydroxyproline, sulfhydryl and total hexoses were high 
in BM as compared to sarcolemma, whereas sialic acid content which 
is known to be present mainly in the plasma membrane was low in BM. 
Amino acid composition in the isolated BM was determined and it was 
found to correspond with the amino acid composition of other basement 
membranes which have been well studied. Significant differences in the 
proportions of proline and OH-proline contents were observed in sarcole-
mma and BM. High content of glycine (a characteristic amino acid of 
BM) was present in frog skeletal muscle basement membrane. The amino 
acid composition of BM prepared by sonication method was closer to 
the reported values of amino acid composition in other BM, whereas 
amino acid composition of BM isolated by SDS solubilization method was 
somewhat different from that obtained by sonication method and other 
characterized basement membranes. SDS-PAGE results revealed that frog 
skeletal muscle basement membrane consists of 20-22 polypeptides in 
the molecular weight range of 18,300 to 400,000 daitons. The proteins 
of other basement membranes also fall within this molecular weight range. 
Frog skeletal muscle sarcolemma prepared by toluene treatment 
and lithium bromide extraction method was found to be suitable for 
enzyme kinetic studies. The presence of the following enzymes have 
been studied in skeletal muscle sarcolemm.a; Ca -ATPase, Mg -ATPase, 
+ + ++ 
Ca + Mg -ATPase, 5'-nucleotidase, alkaline phosphatase and acetyl-
cholinesterase. Vanadate, due to its wide industrial use and toxicological 
effects in man and animals, was selected for detailed studies on frog 
skeletal muscle sarcolemmal enzymes. Effect of vanadate on the- j ^ vitro 
activity of sarcolemmal enzymes was observed. Vanadate was found to 
inhibit all the sarcolemmal enzymes except acetylcholinesterase which 
had no effect over the concentration range up to 10 mM vanadate. The 
inhibition of sarcolemmal enzymes by vanadate was concentration dependent. 
Among t h e e n z y m e s i n h i b i t e d b y v a n a d a t e , a l k a l i n e p h o s p h a t a s e w a s 
f o j n d to be 1 0 - f o l d more s e n s i t i v e to v a n a d a t e t h a n r e s t of t h e e n z y m e s . 
T h e s e n s i t i v i t y of s a r c o l e m m a l e n z y m e s t o w a r d s i n h i b i t i o n b y v a n a d a t e 
w a s in t h e f o l l o w i n g o r d e r ; a l k a l i n e p h o s p h a t a s e ^ 5 ' - n u c l e o t i d a s e ^ Ca 
ATPase^ Mg - A T P a s e J)^  Ca + Mg ' - A T P a s e . V a n a d a t e c o n c e n t r a t i o n s 
r e q u i r e d for 50% i n h i b i t i o n of t h e e n z y m e s w a s a l s o d e t e r m i n e d . 
The d e t a i l e d i n h i b i t i o n k i n e t i c s t u d i e s on s a r c o l e m m a l e n z y m e s 
w e r e c a r r i e d out and i n h i b i t o r c o n s t a n t s (Ki ) d e t e r m i n e d f o l l o w i n g t h e 
m e t h o d of D i x o n . The r e s u l t s r e v e a l e d t h a t t h e i n h i b i t i o n of s a r c o l e m m a l 
e n z y m e s b y v a n a d a t e i s a n o n c o m p e t i t i v e t y p e . A d d i t i o n a l e n z y m e k i n e t i c 
s t u d i e s a l l o w e d to c a l c u l a t e M i c h a e l i s c o n s t a n t s (Km a n d Vmax) in p r e -
s e n c e a n d in a b s e n c e of i n h i b i t o r . When t h e d a t a w e r e a n a l y z e d b y 
p l o t t i n g V v s s ( h y p e r b o l i c p l o t s ) a n d 1/v v s 1/s ( d o u b l e r e c i p r o c a l 
p l o t s ) , i t was o b s e r v e d t h a t v a n a d a t e i n h i b i t e d s a r c o l e m m a l e n z y m e s 
b y r e d u c i n g t h e Vmax of t h e e n z y m e c a t a l i z e d r e a c t i o n w h i l e Km r e m a i n e d 
u n a f f e c t e d . T h i s f u r t h e r i n d i c a t e d a n o n c o m p e t i t i v e t y p e of i n h i b i t i o n 
to s a r c o l e m m a l e n z y m e s . I n h i b i t o r c o n s t a n t s (Ki ) w e r e a l s o c a l c u l a t e d 
f rom d o u b l e r e c i p r o c a l p l o t s a n d c o m p a r e d w i t h t h e i n h i b i t o r c o n s t a n t s 
o b t a i n e d from Dixon p l o t s . From, t h e r e s u l t s i t w a s c o n c l u d e d t h a t v a n a -
d a t e i n h i b i t o d s a r c o l e m m a l e n z y m e s in a n o n c o m p e t i t i v e m a n n e r , o r o b a b l y 
b y b i n d i n g to t h e enzym,e m o l e c u l e at a s i t e o t h e r t h a n a c t i v e s i t e . 
The b i n d i n g of v a n a d a t e to s a r c o l e m m a l e n z y m e s may b r i n g aoou t somiC 
c o n f o r m a t i o n a l c i i anges and t h e r e b y i n h i b i t i n g t h e i r a c t i v i t i e s . 
The b i n d i n g s t u d i e s of few i m p o r t a n t c h e m i c a l s h a v e b e e n c a r r i e d 
out u s i n g f rog s k e l e t a l musc l e sarcolem.m.a " a n d b a s e m e n t m e m b r a n e . In 
v i t r o b i n d i n g s t u d i e s of x e n o b i o t i c s w i t h t h e s e m e m b r a n e s h a v e r e v e a l e d 
t h a t a s u b s t a n c e w h i l e e n t e r i n g i n t o t h e c e l l , f i r s t c o m e s in c o n t a c t 
w i t h t h e s u r f a c e m e m b r a n e . I t e i t h e r i n t e r a c t s w i t h i t s c o n s t i t u e n t s 
a n d g e t s b i n d to them o r e n t e r s t h e c e l l w i t h o u t c a u s i n g a n y h a r m f u l 
e f f e c t s on m e m b r a n e . In t h e p r e s e n t s t u d y , c a l c i u m , v a n a d i u m , e n d o s u l -
fan (a p e s t i c i d e ) , m e t a n i l y e l l o w (a n o n - p e r m i t t e d food c o l o u r d y e ) 
a n d o r g a n o t i n c o m p o u n d s w e r e s h o w n to i n t e r a c t w i t h f rog s k e l e t a l m u s c l e 
s a r c o l e r a m a as w e l l a s b a s e m e n t m e m b r a n e . C a l c i u m w a s found to b i n d 
p r e f e r e n t i a l l y to t h e b a s e m e n t m e m b r a n e . T h e b i n d i n g p r o p e r t i e s of 
v a n a d i u m w e r e s i m i l a r for sa rco lemm.a and b a s e m e n t m e m b r a n e . The b i n d -
ing of v a n a d i u m w i t h t h e s e m e m b r a n e s w e r e a n a l y z e d b y S c a t c h a r d p l o t s 
a n d b i n d i n g c o n s t a n t s w e r e c a l c u l a t e d . The r e s u l t s i n d i c a t e d t h e p r e s e n c e 
of more t h a n one b indins ; s i t e s i.n b o t h : ; :e o r e c a r a t i o n s . Af te r a p p l y i n g 
a v a l i d co r rec t ion factor for non-spec i f ic binding s i t e s , the binding 
cons tants for a major binding s i t e were a lso o b t a i n e d . Vanadium binding 
a n a l y s i s in ske le t a l muscle snb'^'^H'il^i- f rac t ions o'^ ' + ^ ined from dens i t y 
g rad ien t centr i fugat ion r evea l ed ub iqu i tous vanadium d i s t r i b u t i o n in plasma 
membrane , sa rcoplasmic re t icu lum and mi tochondr ia l f r a c t i o n s . However, 
mi tochondr ia l f ract ion showed r e l a t i v e l y lower binding when ca lcu la ted 
in t e rms of per mg p ro t e in . Endosulfan and metanil yellow were found 
to bind with sarcolemma as well as basement membrane. The binding 
of t h e s e toxicants was h ighe r in sarcolemma as compared to basement 
membrane. 
Studies on the in t e rac t ion of organot in compounds wi th ske l e t a l 
muscle sarcolemma and basement membrane r e v e a l e d tha t p e r h a p s basement 
membrane is the f i r s t s i t e of contact and p r o b a b l e s i t e of in t e rac t ion 
for d i - and t r i b u t y l t i n compounds. From binding s t u d i e s , it i s concluded 
that xenob io t i cs before enter ing into the cel l i n t e r a c t wi th i t s surface 
membrane and some of them can bind with membrane cons t i t uen t s . The 
binding of toxicants with outer most l aye r of sarcolemma ( i . e . basement 
membrane) minimizes the chances for the tox ican t s to reach the inner ly ing 
ac t ive cons t i tuen ts and t h e r e b y reducing the t o x i c i t y . Basement membrane 
thus p r o b a b l y p lays a s ignif icant p r o t e c t i v e ro le to the plasma membrane 
and to the cell i t se l f . 
Biological membranes, due to t h e i r exposed location and chemical 
r c a c t i \ ' i t y , can be cons idered as tools to i nves t i ga t e the mechanism 
of ac t ion of var ious environmental fac tors which can influence the normal 
functioning of the ce l l . Ribofla\-in, a commonly used v i tamin B and 
e s s e n t i a l l y presen t in many t i s s u e s have been shown to p roduce s inglet 
oxygen ( O^ ) and superox ide anion r a d i c a l s (O ) when exposed to sun-
l i g h t . The a c t i v e oxygen r a d i c a l s thus p roduced hav^e been found to 
damage membrane s t ruc tu re and function. V/e have i n v e s t i g a t e d the i n h i b i -
tion of human e r y t h r o c y t e membrane ( s imple model sys tem) bound enzym.os 
by pho tosens i t i z ed r i b o f l a v i n . The ex ten t of i nh ib i t i on of e r y t h r o c y t e 
membrane bound enzymes by pho tosens i t i zed r i bo f l av in was compared 
with the inh ib i t ion pa t t e rn of frog ske l e t a l muscle sarcole.mmal enzymes . 
The i n h i b i t i o n of enzymes was found to be dependent upon the concent ra -
tion of r i bo f l av in and time of sunl ight e x p o s u r e . Pho tosens i t i zed ribof";;-
vin was a lso a b l e to enhance the l i p i d p e r o x i d a t i o n in e r y t h r o c y t e mem-
b r a n e s . Quenching s tud ies have c l e a r l y i nd i ca t ed the involvement of 
oxygen free r a d i c a l s in membrane damage. Compara t ive effects of pho to -
induced i n h i b i t i o n of e r y t h r o c y t e and sarcolemmal membrane bound en-
zymes have fu r the r ind ica ted a p o s s i b l e ro le of basement membrane 
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Xenobiotics including tox ic chemica l s encountered in occupat ion 
or in environment have an impact on human and animal popu la t ion . In 
o r d e r to e x e r t t h e i r pa tho log i ca l , phys io log i ca l or pharmacologica l e f f e c t s , 
xenob io t i cs undergo phys i co -chemica l i n t e rac t ions wi th biological e n t i t i e s . 
Cell surface membranes a re one of the most s e n s i t i v e and impor tan t 
b iological e n t i t i e s . Due to e x p o s e d locat ion and chemical r e a c t i v i t y , 
plasma membranes are c o n s i d e r e d to be the prime targe t for incoming 
c h e m i c a l s . Over the l a s t few d e c a d e s , t h e r e has been an inc reas ing 
r ea l i za t ion that a wide v a r i e t y of xenob io t i cs can affect a l a rge number 
of membrane mediated phenomenon. Most of the s tud i e s a v a i l a b l e 
in l i t e r a t u r e regard ing the a l t e r a t i o n s in the membrane s t r u c t u r e and 
function in response to t ox i can t s a re r e l a t e d to membranes of i n t r a - o r g a n 
c e l l . The ske l e t a l muscle ce l l membranes a r e the most exposed and 
p r o b a b l e s i t e s for the i n t e r ac t ion of environmental p o l l u t a n t s . Ce r t a in 
xenobio t ics could get t h e i r e n t r y d i r e c t l y through the skin a b s o r p t i o n 
and may affect the muscle ce l l membranes i n a d v e r t a n t l y . However , many 
o t h e r s can reach through o the r r o u t e s . Bes ides i t s exposed loca t ion , 
the ro le of the muscle cell membranes in many ce l lu la r functions has 
been well a p p r e c i a t e d . T h e r e f o r e , a commonly used model sys tem of 
frog ske le ta l muscle was adop ted for s tudying the a l t e r a t i ons in s t r u c t u r e 
and function of membranes. 
Muscle ce l l s a r e h i g h l y complex s t r u c t u r e s . The surface compo-
nents of muscle ce l l s a r e a r r anged in a s e r i e s of s t r u c t u r e s toge the r 
ca l led sarcolemma. Sarcolemma of s k e l e t a l muscle i s made up of t h r e e 
l a y e r s compris ing the outermost l ayer of collagen and r e t i c u l a r f i b r i l s , 
a middle basement membrane and an innermost plasma membrane which 
envelops the in t r ace l lu l a r o rgane l l s and s a r cop l a sm. Sarcolemma p l a y s 
an important ro le in the exc i t a t i on and contrac t ion phenomenon of musc les . 
In o rde r to s tudy the s t r u c t u r e in r e l a t ion to i t s function, t h e 
i so la t ion of ske le ta l muscle sarcolemma has been a t tempted by some 
i n v e s t i g a t o r s . Most s t ud i e s r e l a t e d to sarcolemma a re concent ra ted on 
the plasma membrane which is known to be the most a c t i ve l aye r and 
target s i t e of var ious s t i m u l i , whe reas v e r y l i t t l e is known about t h e 
s t r u c t u r e and function of s k e l e t a l muscle basement membrane. Th i s has 
( i i ) 
been primarily due to the difficulty in isolation of basement membrane, 
free of plasma membrane and other cellular materials. Further problems 
are related to the fact that the basement membrane structure is highly 
cross-linked and proteins are poorly soluble. Neverthless, the physiolo-
gical, morphological and pathological role of basement membrane in many 
other organs have made to realize its importance in skeletal muscle. 
The present study is the first successful attempt of the isolation of 
frog skeletal muscle basement membrane in a purified form. A characteri-
zation study of the preparation has also been carried out. The method 
developed for the isolation of basement membrane is simple, reproducible 
and yields purified preparation. The technique offers controlled means 
of isolation in order to get basement membrane to a desired degree 
of purity. On the other hand, sarcolemma containing plasma membrane 
and basement membrane is well suited for enzymatic studies. A kinetic 
elucidation of the inhibition of various sarcoleramal enzymes has been 
carried out in order to get an idea regarding the mechanism of inhibition 
of the enzymes and action of toxicants on sarcolemma. At some instances, 
sarcolemma as well as basement membrane have been utilized simulta-
neously as models to study the interaction of these membrane preparations 
to a variety of chemicals. The interaction of toxicants with basement 
mcmorane suggested its probable role in minimizing the toxicity of che-
micals to innerlying enz ymatically active plasma membrane. The membrane 
damaging potential of photosensitized riboflavin has also been studied 
using simple plasma membrane of human red blood cells. It could be 
pointed out that upon exposure of membrane preparation to sunlight in 
presence of riboflavin, few active oxygen free radicals are generated 
which lead to the damaging events in membrane. The membrane damaging 
potential of photosensitized riboflavin has also been compared between 
simple erythrocyte membrane and sarcolemma. Conclusively, the information 
obtained from these biochemical and toxicological studies on cell surface 
membranes would be of utmost importance in understanding the structure 
and function of membrane and the mechanism of membrane toxicity. 
July, 1987 Nawab All 
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SCOPE AND PLAN OF INVESTIGATION 
1.1 INTRODUCTION 
A l iv ing cell i s composed of l i f e l e s s molecules . The c e n t r a l 
goal of science of b i o c h e m i s t r y i s to de termine how these molecu les , 
found in l iv ing o rgan i sms , organize and i n t e r ac t wi th each o the r to 
p e r p e t u a t e the l iving s t a t e . The ce l l is the unit of mul t i ce l lu la r o rga -
nisms and capable of independen t e x i s t a n c e . It is made up of s u b c e l l u -
lar components containing v a r i o u s c o n s t i t u e n t s . The major components 
of a cel l a r e nucleus , m i t o c h o n d r i a , lysosomes and membranes . Nucleic 
a c i d s , p r o t e i n s , c a r b o h y d r a t e s and l i p i d s a re the impor tan t cons t i tuen t s 
of these components. 
Cel ls are gene ra l ly su r rounded by a plasma membrane. It i s 
not easy to conclude how life in a l l i t s manifes ta t ions could have e v o l -
ved without a membrane which p a r t i c u l a r l y s e p a r a t e s the components 
of v i t a l metabolic p roces se s from the ex te rna l mil ieu. Infact , the mem-
brane p r o v i d e s an i d e n t i t y to a c e l l . Ea r l i e r it v/as t h e o r e t i c a l l y a s s u -
med that a boundary i s maintained at the surface of the cel l and the 
ce l l nucleus to account for the d i f ferences in the composi t ion of the 
media on the two s ides of the bounda ry . Later on, e lec t ron mic roscopy 
made it pos s ib l e to o b s e r v e membranes . Any t h e o r y of the s t r u c t u r e 
and function of t i ssues and organs based on the ex i s t ence of i n d i v i d u a l 
and s epa ra t e cel ls must take into account t h i s bounda ry . Surface l aye r 
of the cel l forming t h i s boundary is known as the plasma membrane 
or plasmalemma (Sm.ith, 1962). 
P rokaryo tes a r e v e r y small and s imple ce l l s having only a 
s ingle membrane, usua l ly su r rounded by a r i g id cel l w a l l . They h a v e 
no nucleus and other membranous o r g a n e l l e s . The ce l l membrane of 
p ro ' : a ryo te s contain a p p r o x i m a t e l y A5% l i p i d s and 551 p r o t e i n s . Whereas , 
the cell wall is made up of a r i g id frame work of p o l y s a c c h a r i d e 
cha ins c r o s s - l i n k e d with shor t p e p t i d e s along with the l i p o p o l / s a c c h a r i -
des coated outer su r face . In con t ra s t to p r o k a r y o t e s , e u k a r y o t i c c e l l s 
have r e l a t i v e l y complex s t r u c t u r e . They contain va r ious components 
sur rounded by membranes madeup of l i p i d s , p r o t e i n s and c a r b o h y d r a t e s . 
The p ropor t ions of these cons t i tuen t s may v a r y in membranes of d i f ferent 
subce l lu la r components. The plasma membrane depending upon the ce l l 
t ype may be surrounded by a l a y e r composed-of co l lagen , e l a s t i c f i b e r s , 
ce l lu lose and ch i t in . However , p lant ce l l s a re d i s t inc t from animal 
ce l l s in the fact that the former contain t h r e e s t r u c t u r e s ; p l a s t i d s 
( including ch lo rop l a s t ) , l a rge vacuoles a r d cel l v/all u sua l ly a b s e n t 
in animal c e l l s . 
Since a cell depends upon and communicates wi th i t s e x t e r n a l 
envi ronment , i t s surface membrane must al low the passage of c e r t a i n 
molecules whi le prevent ing the passage of o t h e r s . Thus cel l membranes 
a r e s i t e s of a large v a r i e t y of ce l lu l a r p r o c e s s e s ( F i g . 1 . 1 ) ranging 
from p e r m e a b i l i t y , t r a n s p o r t , and e x c i t a b i l i t y to i n t r a c e l l u l a r i n t e r a c -
t ion , morphological d i f f e r en t i a t i on , and fusion. Due to t h e i r e x p o s e d 
locat ion and chemical r e a c t i v i t y , the cel l surface membranes a l so make 
them the pr ime target for xenobio t ic t o x i c i t y . Al te ra t ions in p e r m e a b i l i t y 
a c t i v e t r a n s p o r t , hemolys i s and neut r ien t ab so rp t i on have been no t iced 
due to var ious toxic subs t ances in a v a r i e t y of membranes . S tudies 
on the a l t e r a t ions in s t r u c t u r e and function of b io logica l membranes 
in response to toxicants and t h e i r binding c h a r a c t e r i s t i c s wi th membrane 
cons t i tuents may yield ins igh t into the molecular mechanism of membrane 
tox ic i t y. 
1.1.1 MEMBRANE MODELS 
Various membrane models have been p roposed from time to 
t ime . As ea r l y as in 1899 an obse rva t i on tha t the subs tances so lub le 
in nonpolar solvents could be pe rmea ted through the surface of ce l l s 
fas te r than water soluble subs tances led Overton to p ropose that l i p i d s 
could be the basic components of the cel l sur face . This o b s e r v a t i o n 
led to the f i rs t membrane model p roposed by Gorter and Grendel in 
1925, according to which a s ingle l i p i d b i l a y e r cove r s the cel l s u r f a c e . 
The above model was not s a t i s f a c t o r y due to the fact t ha t sur face 
tension at the cel l surface i s too low to co r re spond to tha t of a l i p i d 
su r face . Danielli and Davson in 1935 p roposed another model c o n s i d e r -
ing the surface tens ion , p e r m e a b i l i t y and e l e c t r i c a l c o n d u c t i v i t y . In 
t h i s model a layer of g lobu la r p ro t e in molecules was a d d e d to each 
s ide of the l i p id b i l a y e r . The p ro te ins would act as su r fac tan t s r c d u c - . 
ing the surface tens ion. In 1952 Davson and Daniell i modified t h e i r 
or ig ina l model and c o n s i d e r e d tha t l i p i d b i l a y e r would be c o v e r e d 
by unfolded p o l y p e p t i d e s ins tead of g lobular p r o t e i n s . The n a t u r e of 
a r rangements of p ro te ins on or in the l i p i d b i l a y e r was not knov/n. 
The f i r s t suggestion t h a t p r o t e i n s might pene t r a t e into or th rough the 











































suggest ion was not based on any d i r e c t knowledge of membrane p r o t e i n s 
but was s imply a s p e c u l a t i v e a t tempt to account for the occurance of 
f ac i l i t a t ed perm.eation of so lu tes through the m.em.brane. Other i m p r o v e d 
models proposed on the b a s i s of e a r l y thoughts of membrane s t r u c t u r e 
were as a r e su l t of r e a l i z a t i o n of the asymmetr ic na ture of membrane 
due to the presence of a l aye r of g lobular p ro t e in s at cy top la smic surface 
(S jo s t r and , 1960; Finean, 1962). 
Robertson in 1964 genera l i zed the s t r u c t u r e of membranes into unit mem-
brane h y p o t h e s i s . This unit membrane was p roposed to cons is t of a 
b i l a y e r of mixed polar l i p i d s wi th t h e i r h y d r o c a r b o n cha ins o r i e n t e d 
inward to form a t h i ck continuous h y d r o c a r b o n phase and t h e i r h y d r o -
p h i l i c heads d i rec ted o u t w a r d . Both surfaces were thought to be coa ted 
wi th monolayer of p ro t e in molecules forming a t r i p l e l a y e r e d s t r u c t u r e . 
However, al l these e a r l i e r models were not v a l i d a t e d due to the fau l ty 
t echniques of the t i ssue p r e p a r a t i o n for e lec t ron microscopic o b s e r v a t i o n s . 
Attempts were then made to improve and deve lop new p r e p a r a t o r y t e c h -
niques which allowed the p r o t e i n molecules to r e t a in t h e i r g lobular 
conformation. A globular or subunit membrane model was then deve loped 
by Lucy (1964) in which case membranes were viewed as cons is t ing 
of shee t s of recur r ing l i p o p r o t i e n subuni ts of d iameter 4.0 to 9.0 nm 
resembl ing the subunit s t r u c t u r e of some ol igomcric p r o t e i n s or coats 
of some v i r u s e s . This model was a lso suppor t ed by Nilsson (1964) . 
In 1965, Sjostrand p r o p o s e d another membrane model cons ider ing the 
nature of globules wh ich were f i r s t i n t e r p r e t e d to cons is t of l i p i d s 
but la ter were cons ide red to consis t of g lobular p r o t e i n s . According 
p r o t e i n 
to t h i s model globular i .molecules were embedded in a l i p i d b i l a y e r in 
such a way that t h e y e x t e n d e d ac ross the b i l a y e r and were e x p o s e d 
at both surfaces of t h e membrane. However, view of Robertson (1964) 
d i f fe rs from that of t h e Sjos t rand and o t h e r s who env i sage an a r r a y 
of globular micelles in the plane of the membrane p o s s i b l y due to the 
fact that the "globular" s u b s t r u c t u r e r e p r e s e n t an e l ec t ron a r t i f ac t caused 
by the " g r a n n u l a r - f i b r i l l a r " s u b s t r u c t u r e as a r e su l t of t i l t i ng of the 
membranes in the p lane of the sec t ion . Consider ing the h y d r o p h o b i c 
i n t e r a c t i o n s , Lenard and Singer (1966) have d e v i s e d ano the r membrane 
model consist ing of an inner and an outer l aye r of c l u s t e r s of p h o s p h o -
l i p i d s in te r spaced by h y d r o p h i l i c p ro te ins and in t e rmed ia t e l aye r c o n s i s -
ting of hydrophob ic p r o t e i n s and l i p i d s . They also p r e s e n t e d e x p e r i -
mental evidences in o r d e r to e luc ida t e the bas i c s t r u c t u r e of b io logica l 
membranes concerning the molecular organizat ion of the p r o t e i n s . They 
have shown tha t the p r o p o r t i o n s of p r o t e i n s in B-conformat ion , as pos tu -
l a t ed by the c l a s s i c modclc of Daniel l i and Davson (1935) and Rober tson 
(1964) i s small and the p r o t e i n s a r e a lso i n s e r t e d into l i p i d b i l a y e r . 
These obse rva t ions have a l so y i e l d e d the ev idence for h y d r o p h o b i c 
in t e rac t ion between p ro t e in and l i p i d s . The model p ropos ed by Benson 
in 1968 was based on the o b s e r v a t i o n tha t l i p i d s in p lant cel l membranes 
seemed to assoc ia te wi th the p r o t e i n s in a spec i f ic way to form t h e 
l i p o p r o t e i n complexes wi th a p r e c i s e l y defined composi t ion . This comp-
l e t e l y d i sposed of the l i p i d b i l a y e r s t r u c t u r e and the membrane model 
cons i s t ed of a single l a y e r of p r o t e i n molecules to which l i p i d s were 
bound. Vanderkooi and Green (1970) p roposed a geometr ica l model for 
the arrangement of p h o s p h o l i p i d s and p ro t e in s in biological membranes . 
The essen t ia l feature of t h i s model was that when p ro te ins p o l y m e r i z e , 
the point of contact between p r o t e i n s were few, and c a v i t i e s l ined wi th 
p redominan t ly non-polar amino a c i d s formed. The p h o s p h o l i p i d molecules 
become or iented with the fa t ty cha ins i n s e r t e d into the c a v i t i e s wh i l e 
the polar heads remain on the su r f ace . This o r i en ta t ion a p p l i e d to both 
faces of the membrane and can accommodate a l l the l i p i d known to be 
p resen t in membranes. The membrane model of Finean (1972) was an 
improvement in the s t r u c t u r a l o rganiza t ion of p ro t e in s in l i p i d b i l a y e r . 
In h is model, part of the p r o t e i n v i sua l i zed v/as to be i n s e r t e d into 
the l i p id while rest was on the p e r i p h e r a l reg ion . 
It has only been as a r e su l t of r e l a t i v e l y recent p r o g r e s s in 
the cha rac te r i za t ion of membrane p r o t e i n s that subs t an t i a l agreement 
on general model of membrane s t r u c t u r e has been r e a c h e d . T h i s , t oge the r 
wi th an emphasis on d i s o r d e r of f luid packing of the l i p i d h y d r o c a r b o n 
chain and on free l a t e r a l diffusion of membrane components , was then 
fea tured in a new membrane model "the f luid mosaic model" propo;"'^d 
by Singer and Nicolson in 1972 ( F i g . 1 . 2 ) . Till date t h i s model has =en 
the most accep tab le one for general s t r u c t u r e of cel l membrane. 
1.1.2 THE FLUID-MOSAIC MODEL 
The fluid mosaic model p r o p o s e d by Singer and Nicolson (1972) p o s t u l a -
ted that the membrane l i p i d s a r r anged in a b i l a v e r to form a f l u i d , 
l i q u i d - c r y s t a l l i n e mat r ix or core in such a way that t h e i r po la r h y d r o -
p h i l i c head groups a re o r i en t ed ou twards and s e p a r a t e d from t h e i r h y d r o -
phob ic reg ions . Lipid molecules can move l a t e r a l l y in monolayer , endovving 
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the b i l a y e r membrane wi th f l u i d i t y , f l e x i b i l i t y a;id a c h a r a c t e r i s t i c a l l y 
high e l e c t r i c r e s i s t ance and r e l a t i v e i m p e r m e a b i l i t y to h i g h l y p o l a r 
molecules . Proteins can a l so diffuse l a t e r a l l y but with a lower r a t e 
as compared to l i p i d s . The p r o t e i n s in f luid mosaic model a r e g lobu la r 
to account for t h e i r h igh content of (p^-hel ix. The membrane p r o t e i n s 
can be c lass i f i ed into two c a t e g o r i e s , "the e x t r i n s i c " or p e r i p h e r a l 
p ro t e in s and "the i n t r i n s i c " or in tegra l p r o t e i n s . The e x t r i n s i c p r o t e i n s 
a re only loosely a t t ached and can be removed by rr.ild e x t r a c t i o n p r o c e -
dures whi le i n t r i n s i c p r o t e i n s a re t i g h t l y bound to l i p i d po r t i on and 
may c ross the l i p i d b i l a y e r . These can only be removed by some d r a s t i c 
t r e a t m e n t s . All these va r ious p r o t e i n s t h e r e f o r e form a mosaic l i k e s t r u c -
ture in the fluid p h o s p h o l i p i d b i l a y e r . The fluid mosaic model a p p e a r s 
to be the r modynamically f e a s i b l e . Th i s has s ince been accep ted as a 
more r e a l i s t i c exp re s s ion of general c h a r a c t e r i s t i c of . membranes than 
any o ther prev ious models . This model a lso accounts s a t i s f a c t o r i l y for 
many features and p r o p e r t i e s of b io logica l membranes . Recent e x p e r i m e n t a l 
work on membranes has nov/ advanced to the s tage at which the s t r u c t u r a l 
p a t t e r n s of indiv idual membranes a re being defined in more de t a i l (Hend-
erson and Unv/in, 1975; Loor , 1981; Chapman et a l . , 1982). 
1 . 2 PLASMA MEMBRANE 
The plasma membrane cons t i tu tes cel l boundary and p r o v i d e s 
a p e r m e a b i l i t y b a r r i e r for cont ro l l ing the t r a n s p o r t of water and so lu ies 
into and out of the c e l l . In a d d i t i o n , i t a l so s e r v e s as r e c e i v e r and 
t r ansmi t t e r of information enabl ing the metabol ism of the cel l to r e s p o n d 
to i t s environments or e x t r a c e l l u l a r f a c t o r s . The ce l l surface is a l so 
the p r i m a r y s i te for control of c e l l - c e l l i n t e r a c t i o n s , cell g r o w t h , d i v i -
s ion , development and d e a t h . 
In t r ace l lu l a r ! y , s eve r a l membrane s t r u c t u r e s have a l so been 
i d e n t i f i e d . These s t r u c t u r e s a r e a s soc i a t ed wi th va r ious cel l o rgane l l e s 
such as mitochondrion, endoplasmic r e t i c u l u m , lysosome, nuc leus , p e r o x i -
somes , Golgi appa ra tu s e t c . These o rgane l les have different metabol ic 
a c t i v i t i e s and t h e i r membranes s e r v e to compar tmenta l ize t he se func t ions . 
Although, in many r e s p e c t s t h e s t ruc tu re and function of i n t r a c e l l u l a r 
membranes are s imi la r to those of the plasma membrane, yet t h e r e a r e 
s ignif icant differences in t h e i r cons t i tuen ts t ha t l ead to t h e i r spec i f i c 
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per fo rmances . Among plasma membranes , the e r y t h r o c y t e membrane has 
been v/ell s tud ied with r e s p e c t to i t s s t r u c t u r e and function (S t eck , 
iy I t ) . 
1 . 2 . 1 CHEMICAL COMPOSITION OF PLASMA MEMBRANE 
Major const i tuents of a t y p i c a l membrane a re l i p i d s and p r o t e i n s . 
The p ro te ins are embedded in the l i p i d b i l a y e r . These p r o t e i n s a r e 
r e f e r r e d to as the " in tegra l " p ro t e in s (Singer and Nicolson, 1972). The 
plasma membrane howeve r , contains o the r p ro t e in s which a r e not as 
t i g h t l y bound, ca l led " p e r i p h e r a l " p r o t e i n s . The cel l membrane a l so 
contains about 51 c a r b o h y d r a t e , p re sen t as g lycopro te ins and g l y c o l i p i d s . 
Some of these are found in surface coat or the "gl ycocal yx'' tha t su r rounds 
many cel l membranes. Since t h e s e components a re f i rmly bound to the 
cel l membranes, they may be c o n s i d e r e d as pa r t of the membrane s t r u c -
t u r e . 
1.2.1a Membrane l ip ids 
Lip ids are the major cons t i tuen ts of cel l membranes . Animal 
cel l membranes in gene ra l , contain t h r e e c l a s se s of l i p i d s ; p i i o s p h o l i p i d s , 
s t e ro l and g l y c o l i p i d s . It is not n e c e s s a r y tha t membranes of di f ferent 
spec ie s performing same function have s imi la r l i p i d composi t ion. Differen-
ces in l i p id composit ion a re a l so seen in membranes d e r i v e d from diff-
erent t i s sues of the same animal (Hanahan, 1969). 
( i ) PhosT^holipids: There a re tv/o t y p e s of p h o s p h o l i p i d s found 
in membranes: the gl y c e r o p h o s p h a t i d e s and the s p h i n g o p h o s p h o l i p i d s . 
Gl yce rophospha t i de s a re the most abundant among membrane l i p i d s . The 
major gl yce rophospha t i de s found in ce l l membranes a r e p h o s p h a t i d y l -
c h o l i n e , p h o s p h a t i d y l e t h a n o l a m i n e , p h o s p h a t i d y l s e r i n e , and p h o s p h a t i d y l -
i nos i t o l . Plasmalogens, l y s o p h o s p h a t i d e s , p h o s p h a t i d i c acid and c a r d i o -
l ip in a re also occas iona l ly found in ce l l membranes , but t hey cons t i t u t e 
the minor components. S p h i n g o p h o s p h o l i p i d s and sphingomyel in a r e a l so 
p resen t in varying amounts . The re a r e cons ide r ab l e v a r i a t i o n s in t h e 
p h o s p h o l i p i d composit ion of va r ious ce l lu l a r membranes , for e x a m p l e , 
the bovine e r y t h r o c y t e conta ins l i t t l e or no p h o s p h a t i d y l c h o l i n e , but 
has high level of sph ingomyel in . 
( i i ) S te ro l s : Choles te ro l i s the predominant neut ra l l i p i d of t h e 
plasma membrane. Other neu t ra l l i p i d s such as g l y c e r i d e s and c h o l e s t e r y l 
e s t e r s a r e only occas iona l ly p r e sen t a s minor components . The molar 
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r a t i o of cho les t e ro l to p h o s p h o l i p i d of va r ious plasma and i n t r a c e l l u l a r 
membranes v a r y c o n s i d e r a b l y . Plasma membrane have a c h a r a c t e r i s t i c a l l y 
high cho les te ro l to p h o s p h o l i p i d r a t i o as compared to i n t r a c e l l u l a r mem-
branes (Kidv/ai et_ aj_. , 1973). Recent ly , t h e va r i a t i on in c h o l e s t e r o l 
to p h o s p h o l i p i d ra t io have been shown in the hepa t i c plasma membrane 
and endosome subfrac t ions of the same t i s sue (Evans and Hardison, 1985). 
( i i i ) Gl y c o l i p i d s : G lycosph ingo l ip id s and g l y c o g l y c e r o l i p i d s a r e the 
two major g lyco l ip ids found in mammalian c e l l s . Gl ycosph ingo l i p id s a re 
composed of sph ingos ine , fa t ty a c i d , and c a r b o h y d r a t e , whereas g lycog ly -
c e r o l i p i d s contain g l y c e r o l , f a t ty a c i d , or fa t ty e t h e r , and c a r b o h y d r a t e . 
It has been shown that t he g l y c o l i p i d s toge ther v/ith g lycopro te ins cons t i -
tu te the blood group subs tances of e r y t h r o c y t e membranes (Sv/eely and 
Dawson, 1969). The g l y c o l i p i d s have been fu r the r impl ica ted in a number 
of important suface phenomena. Changes in g l y c o l i p i d s pa t t e rn have been 
a s soc ia t ed in pa thologica l s t a t e s of the c e l l s . The g l y c o l i p i d s a lso func-
tion as r ecep to r s for t o x i n s , in te r fe ron and hormones and may have 
a ro le in ce l l - ce l l in te rac t ion (Hakomori , 1975). 
1.2 .1b Membrane Proteins 
Membrane p ro te ins have been grouped into two c l a s s e s ; one 
is r e f e r r e d to as the in tegra l p ro te ins which a r e f i r ~ l y in t r enched 
in the l i p id b i l aye r and a rc so lub i l i z ed only with the a id of membrane-
d i s rup t ing agents such as d e t e r g e n t s , cnao t rop ic ager.is and l i p i d s o l v e n t s . 
The other c lass of membrane p r o t e i n , the p e r i p h e r a l p ro te ins can r e a d i l y 
be detached from the membrane by chela t ing agents or by lowering or 
r a i s ing the ionic s t r eng th or the pH. Among p e r i p h e r a l p ro te ins of the 
e r y t h r o c y t e membrane s p e c t r i n and ac t in a re well s tud ied (Cohen and 
Branton, 1979). Based on the c a r b o h y d r a t e con ten t , the membrane p r o t e i n s 
can be d iv ided into two t y p e s : nonglycoconjugated p ro te ins and g l y c o p r o -
t e i n s . The c a r b o h y d r a t e r e s i d u e s found on g lycop ro t e in s a re exposed 
only to the external surface of the plasma membrane (Steck and Dawson, 
1974). 
1.2.1c Erythrocyte Membrane Proteins 
The s p e c i f i c i t i e s of the b io logica l a c t i \ ' i t i e s of cell membrane 
r e s i d e s p r i m a r i l y in p r o t e i n cons t i t uen t s . T h e r e f o r e , a c o n s i d e r a b l e 
in t e re s t has been devo ted to the s tudy of membrane-assoc ia ted p r o t e i n s 
and g lycopro te ins . The mammalian e r y t h r o c y t e membrane, due to i t s 
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e a s e of i s o l a t i o n , h a s b e e n t h e o b j e c t of e x t e n s i v e i n v e s t i g a t i o n a n d 
h a s b e e n f r e q u e n t l y v i e w e d as " m o d e l " m e m b r a n e s y s t e m . 
The e r y t h r o c y t e m e m b r a n e p r o t e i n s a n d gi y c o p r o x e i n s h a v e b e e n 
a n a l y s e d e x t e n s i v e l y b y SDS-PAGE. T h e e l e c t r o p h o r e t i c p a t t e r n s of h u m a n 
a n d r a b b i t e r y t h r o c y t e m e m b r a n e s h a v e r e v e a l e d t h a t b a n d 1 a n d 2 
( s p e c t r i n ) , b a n d 3 and b a n d 5 c o n s t i t u t e t h e major p r o t e i n c o m p o n e n t s 
a n d t o g e t h e r t h e s e p o l y p e p t i d e s r e p r e s e n t a b o u t 60% of t h e t o t a l m e m b r a n e 
p r o t e i n s ( S t e c k , 1974) . In a d d i t i o n to t h e s e major c o m p o n e n t s , s e v e r a l 
minor c o o m a s s i e b l u e - s t a i n e d p o l y p e p t i d e s a r e a l s o v i s u a l i z e d . Using 
p e r i o d i c a c i d Schiff (PAS) s t a i n , i t h a s b e e n p o s s i b l e to d e m o n s t r a t e 
t h e p r e s e n c e of four major s i a l o g l y c o p r o t e i n s in h u m a n e r y t h r o c y t e mem-
b r a n e s . T h e s e s i a l o g l y c o p r o t e i n s h a v e b e e n d e s i g n a t e d a s P A S - 1 , - 2 , 
- 3 a n d - 4 . S p e c t r i n , b a n d 3 a n d s i a l o g l y c o p r o t e i n s h a v e b e e n s t u d i e d 
e x t e n s i v e l y . S p e c t r i n i s a l a r g e p e r i p h e r a l p r o t e i n c o m p o s e d of . two 
s u b u n i t s of m o l e c u l a r v / e igh t 2 4 0 , 0 0 0 ( b a n d 1) a n d 220 ,000 ( b a n d 2 ) . 
It p l a y s an i m p o r t a n t r o l e a s s t r u c t u r a l p r o t e i n a n d may c o n t r o l t h e 
d e f o r m a b i l i t y a n d s h a p e of e r y t h r o c y t e s . Band 3 is an i n t r i n s i c p r o t e i n 
a n d most a b u n d a n t in e r y t h r o c y t e m e m b r a n e on SDS g e l s . I t m i g r a t e s 
a s a d i f f u s e b a n d s p a n n i n g a m o l e c u l a r w e i g h t r e g i o n of 90 ,000 to 1 0 0 , 0 0 0 . 
T h e r e i s e v i d e n c e to i n d i c a t e t h a t t h i s r e g i o n may c o n t a i n , in a d d i t i o n 
to b a n d 3 , o t h e r m e m b r a n e p r o t e i n s , n o t a b l y t h e Na , K - A T P a s e a n d 
t h e a c e t y l c h o l i n e s t e r a s e ( M a r c h e s ! , 1 9 7 9 ) . T h e r e i s c o n s i d e r a b l e c o n f u s i o n 
c o n c e r n i n g t h e d i s t r i b u t i o n oi t h e s i a l o g l y c o p r o t e i n s in human e r y t h r o c y t e 
m e m b r a n e s . i . Ia rches i a n d c o w o r k e r s (1976) h a v e i s o l a t e d t h r e e major 
s i a l o g l y c o p r o t e i n s and d e s i g n a t e d a s g l y c o p h o r i n A, B a n d C. G l y c o p h o r i n 
A a n d B a p p e a r e d to i n v o l v e in a n t i g e n i c a c t i v i t y of t h e m e m b r a n e ( H a -
m a g u c h i a n d C l e v e , 1 9 7 2 ) . T h e b i o l o g i c a l s i g n i f i c a n c e of g l y c o p h o r i n 
C i s p r e s e n t l y not k n o w n . 
1 . 2 . 2 MOLECULAR ORGANIZATION OF PROTEINS IN MEMBRANES 
The elucidat ion of d e t a i l e d molecular a r c h i t e c t u r e of p r o t e i n s 
in membranes r ep resen t an impor tan t goal in the s t u a y of membrane 
phenomena. The organizat ion of p r o t e i n s in cel l membranes may be v iewed 
from two different p e r s p e c t i v e s (1) d i spos i t i on of the p ro t e in s in r e l a t i o n 
to the l i p i d b i l aye r and (2) the t opograph ica l r e l a t i o n s h i p among the 
p ro te in components. 
It is now genera l ! y- accep ted that p ro te in components a re asymme-
t r i c a l l y d i sposed ac ross the membrane. Several a r rangements in r e l a t i o n 
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to l i p i d b i l aye r a re p o s s i b l e which a re de te rmined by the na tu re of 
p r o t e i n s . The molecular organiza t ion of 17 p r o t e i n s and 3 s i a l o g l y c o -
p r o t e i n s of e r y t h r o c y t e membrane lids been s tud ied in de t a i l ( B r e t s c h e r , 
1973; Singer , 1974; S t eck , 1974; Marches! e^ al_. , 1976; Lux , 1979) . 
Pro te in components 1, 2 , 2 . 1 , 2 . 2 , 2 . 3 , 4 . 1 , 4 . 2 , 5, 6, 7 and s e v e r a l 
o the r t r ace p o l y p e p t i d e s a re organized p e r i p h e r a l l y and confined to 
cy top lasmic surface (S teck , 1974) of the membrane. The in teg ra l p r o t e i n s 
cons is t of band 3 , the s i a l o g l y c o p r o t e i n s , a c e t y l c h o l i n e s t e r a s e , the Ca , 
Mg -ATPase , the Na , K -ATPase , and o ther minor components . Band 
3 and the s i a log lycopro te ins a re the t ransmembrane p r o t e i n s and span 
the l i p i d b i l a y e r . In view of t h e i r function as cat ion t r a n s p o r t e r s , 
i t is pos s ib l e that both the Ca'^"^, Mg"^"^-ATPase and the Na"^, K'^-ATPase 
may be s im i l a r l y d i sposed a c r o s s the l i p i d b i l a y e r . A c e t y l c h o l i n e s t e r a s e 
is knov/n to be or ien ted t owards the ex te rna l surface of the membrane . 
It has been ve ry di f f icul t to define the arrangement and i n t e r a c t i o n s 
of p e r i p h e r a l prote ins on membrane surface and the i r a s soc i a t i on w i th 
in tegra l membrane p r o t e i n s . Studies using a v a r i e t y of c r o s s - l i n k i n g 
reagen ts have p rov ided a general p o s s i b l e r e l a t i o n s h i p s of va r ious com-
ponen ts . Such a r e l a t i o n s h i p of p ro t e in s and s i a l o g l y c o p r o t e i n s i s shown 
in f i g . 1 . 3 . 
1.2.3 FUNCTIONS OF PLASMA MEMBRANE 
Membranes a r e not only d i v e r s i f i e d in s t r u c t u r e but a l s o , in 
r e s p e c t of the i r funct ions . B r o a d l y , plasma membrane a t t r i b u t e s two 
main functions; one concerned with t r a n s p o r t and o the r with ce l l con t ac t . 
A t h i r d function, which may o p e r a t e in free c e l l s , is tha t of locomotion. 
Plasma membrane^ in g e n e r a l , per forms the following funct ions. 
1.2.3a Compartmentation and Commiinication 
The plasma membrane c r ea t e s a compartment tha t p r o t e c t s t h e 
p ro top lasm and allows the cel l to r e t a in the g rad ien t s r e q u i r e d for 
l i f e . Moreover, plasma m.ombrane has dev ices tha t pe rmi t s the t r a n s p o r t 
from environment . It has a lso dev ices to e x c r e t e u n d e s i r a b l e m a t e r i a l s 
and waste p roduc t s . 
1.2 .3b Cell-Cell Interaction 
The in te rac t ion be tween ce l l s i s recognized by t h e i r sur face 
g lycopro te in and g l y c o l i p i d s . La tera l movement of g lycop ro t e in s h e l p s 





2.1 4 .2 
/ 
^ ^ > , • 
,-' .~,^^ ^ -
L C : :<::^^xir'""^ ' ^ 
• ' F ^ r ^ ^ ' 
//-'/ 
V j -
F i g . 1 . 3 : The organiza t ion and o r i en t a t i on of p ro te ins and 
g lycopro te ins in e r y t h r o c y t e membrane (Tao, 1982) 
1.2 .3c Antigenicity 
Sugar r e s idues exposed on the surface of plasma membrane a re 
r e s p o n s i b l e for a number of agglut inat ion r e a c t i o n s . There a r e ant igenic 
de te rminan ts p re sen t on cel l surface which r egu la t e s the concent ra t ion 
of antigens bound to the membrane by a phenomenon des ignated as "an t i -
genic modulat ion", i . e . t he movement of ant igenic de te rminants to one 
pole of c e l l , a lso ca l l ed "Cap formation" (DePe t r i s and Raff, 1973). 
1 .2 .3d Receptors 
Receptors are the s p e c i a l i z e d p e r i p h e r a l p r o t e i n s of membranes 
v/hich bind specif ic molecules and send the message to the cel l w h e r e v e r 
i t is r e q u i r e d . A number of impor tant phenomenon including t r a n s p o r t , 
act ion of hormones and endocy tos i s a r e mediated by speci f ic r e c e p t o r s 
p resen t on plasma membrane (Cua t recasas , 1974; Debanne e^ aj_. , 1982). 
1.2 .3e Ionic Permeation 
Large globular p r o t e i n s loca ted in the b i l a y e r finds it ene rge-
t i c a l l y favourable to form channels l ined by polar r e s i d u e s (Ro thsch i l d 
and Stanley , 1972). These p r o t e i n channels fu r the r enable ions to permeate 
through the membrane p r o t e i n s ca l l ed "pe rmions" . 
1.2.3f Permeability 
Lipoph i l i c molecules diffuse through membranes at a fas te r rate 
compared to the h y d r o p h i l i c molecules . Larger molecules v/hich do not 
c ross the membrane e x e r t t h e i r effects by s t imulat ing speci f ic r e c e p t o r s 
on membranes by a number of w a y s . 
1.2.3g Membrane Transport 
The s imples t mechanism of t r a n s p o r t i s p a s s i v e through p o r e s , 
ca l l ed s imple diffusion. In f a c i l i t a t e d t r a n s p o r t , molecules a r e c a r r i e d 
ac ros s membrane through a c a r r i e r p r o t e i n which o sc i l l a t e s between 
the inner and outer surfaces of the membrane. The second mechanism 
by \vhich molecules a r e t r a n s p o r t e d at the expense of metabol ic energy 
(ATP) ca l led ac t ive t r a n p o r t . In ac t ive t r a n s p o r t , t h e c a r r i e r p r o t e i n 
is modified on one s i d e of the membrane to a h igh aff ini ty form for 
the penetrant and combines v/ith the molecule to be t r a n s p o r t e d and 
c r o s s e s the membrane as a complex wi th the c a r r i e r . The c a r r i e r i s 
subsequen t ly modified in a second reac t ion on o the r s i d e of the membrane 











F i g . l . 4 : N a +K t r a n s p o r t acc ros s plasma membrane: metabol ic 
energy i s r e q u i r e d for chemical modificat ion of c a r r i e r 
p ro te in in o r d e r to ac t i va t e i t . . 
D a e pene t ran t on the inner s i de of the membrane. The c a r r i e r c r o s s e s ack 
e i t h e r empty or in combinat ion with some o the r r e a c t a n t s and thus the 
cyc le is r e p e a t e d . The metabol ic energy i s consumed -in a chemical m.odi-
f ica t ion of the c a r r i e r , for e x a m p l e , in Na + K t r a n s p o r t ( F i g . 1 . 4 ) . 
1 . 3 SARCOLEMMA 
Muscular t i ssue i s r e s p o n s i b l e for the movement of body and 
i t s va r ious p a r t s with r e s p e c t to one a n o t h e r . It c a r r i e s out mechanical 
v/ork by contract ion with shor ten ing and th ickening of i t s f i b e r s . Muscles 
a r e of t h r e e k i n d s ; c a r d i a c muscle , smooth musc le , and s k e l e t a l muscle . 
All the t h r e e t y p e s of muscles a r e d i f ferent in s t r u c t u r e and funct ion. 
1.3.1a Cardiac nuscle 
Cardiac muscle s t r u c t u r e is an i n t e rmed ia t e between the s k e l e t a l 
and smooth muscle f i b e r s . The c a r d i a c muscle f i b e r s have faint c r o s s 
s t r i a t i o n s but the shape is v e r y dif ferent from tha t of s k e l e t a l muscle 
f i b e r s . The ca rd iac muscle f i b e r s are v e r y much branched and b r a n c h e s 
unite with each other forming a lace v/ork or net work (Fig . 1 .5a) . 
1.3.1b Smooth muscle or Unstriped muscle 
Smooth muscles a re i nvo lun ta ry musc les . F ibe r s a r e s p i n d l e 
shaped with two pointed e x t r e m i t i e s , and a cen t ra l t h i ckened p a r t . 
Each muscle f iber contains a s i ng l e , long and narrow nucleus in the 
c e n t e r . The protoplasm is grannular and free from s t r i a t i o n s ( F i g . 1 . 5 b ) . 
1.3 .1c Skeletal muscle or Striated muscle 
The ske le ta l muscles a r e under the vo lun ta ry con t ro l . Ske le ta l 
muscle f ibe r s or ce l l s a r e long, c y l i n d r i c a l and mul t inuc lea ted . Muscle 
ce l l s consis t of bundles of myof ib r i l s which manifest along t h e i r length 
a s t ruc tu ra l pa t t e rn tha t r e p e a t e s e v e r y 2.5 )\m. These r epea t i ng uni t s 
a r e ca l l ed sa rcomeres . The c h a r a c t e r i s t i c s t r i a t i o n s ac ross s k e l e t a l muscle 
ce l l s a re due to these sa rcomeres ( F i g . 1 . 5 c ) . 
1 . 3 . 2 ULTRASTRUCTURAL ORGANIZATION OF SKELETAL MUSCLE 
The myof ib r i l s of s k e l e t a l muscle c e l l s contain functional s eg -
ments ca l led sa rcomere . Sarcomeres a re t h e con t r ac t i l e units of myof ib r i l s 
and c h a r a c t e r i z e d by the p re sence of a l t e r n a t e l ight and dark t r a n s v e r s e 
b a n d s . The l igh t bands a r e c a l l e d i s o t r o p i c or I bands and the d a r k 
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C. Skeletal muscle 
e Smooth muscle 
A. Cardiac muscle 
F i g . 1 . 5 : Schematic diagram showing s t r u c t u r e of (a ) c a r d i a c 
(b) smooth (c) s k e l e t a l muscle f i b e r s . 
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b a n d s a r e a n i s o t r o p i c o r A b a n d s . I s o t r o p i c s t r u c t u r e s a r e t h o s e h a v i n g 
u n i f o r m p h y s i c a l p r o p e r t i e s r e g a r d l e s s of t h e d i r e c t i o n in w h i c h t h e y 
a i e m e a s u r e d , w h e r e a s in a n i s o t r o p i c s t r u c t u r e s t n e p h y s i c a l p r o p e r t i e s 
d e p e n d on t h e d i r e c t i o n of m e a s u r e m e n t . 
In r e s t i n g m u s c l e , t h e d a r k A b a n d s a r e e x t e n d e d a l o n g t h e 
a x i s of c o n t r a c t i o n and a r e a b o u t 1.5 pm l o n g , w h e r e a s t h e l i g h t I b a n d s 
a r e a b o u t 1.0 pm g i v i n g r i s e to a t o t a l s a r c o m e r e l e n g t h of 2 . 5 ^m i n 
f rog s k e l e t a l musc l e ( H u x l e y , 1 9 6 9 ) . T h e I b a n d s a r e b i s e c t e d b y a 
d e n s e t r a n s v e r s e l i ne c a l l e d Z l i n e . T h e c e n t r a l p o r t i o n of t h e A b a n d 
i s known as t h e H z o n e . T h e H zone i s l e s s d e n s e t h a n t h e r e s t of 
t h e b a n d and b i s e c t e d b y a d e n s e t r a n s v e r s e l i n e c a l l e d t h e M l i n e . 
T h e s a r c o m e r e , t h e c o m p l e t e l o n g i t u d i n a l r e p e a t u n i t , e x t e n d s f rom one 
Z l i n e to t h e n e x t . E l e c t r o n m i c r o s c o p i c s t u d i e s ( H u x l e y , 1973) h a v e 
s h o w n t h a t t h e a n i s o t r o p i c o r A b a n d of t h e s a r c o m e r e c o n t a i n s a s e t 
of p a r a l l e l t h i c k f i l a m e n t s , a n d t h e i s o t r o p i c , o r I b a n d , a s e t of t h i n 
f i l a m e n t s . Dur ing c o n t r a c t i o n a n d r e l a x a t i o n , t h e t h i n f i l a m e n t s s l i d e 
a l o n g t h e e i t h e r . C r o s s b r i d g e s b e t w e e n t h i c k a n d t h i n f i l a m e n t s a r e 
f o r m e d d u r i n g musc le c o n t r a c t i o n . T h e f o r m a t i o n a n d b r e a k i n g of c r o s s 
b r i d g e s i s a v e r y r a p i d p r o c e s s . 
1 . 3 . 3 STRUCTURE OF SARCOLEMMA 
The musc le c e l l s or f i b e r s a r e s u r r o u n d e d b y a c o m p l e x s u r f a c e 
s t r u c t u r e c a l l e d S a r c o l e m m a . It c o n s i s t s of t h r e e d i s t i n c t l a y e r s . T h e 
i n n e r m o s t enz y m a t i c a l l y a c t i v e l a y e r i s t h e p l a s m a m e m b r a n e , t h e m i d d l e 
b a s e m e n t m e m b r a n e m a i n l y c o n s i s t i n g of c o l l a g e n o u s and n o n c o l l a g e n o u s 
g l y c o p r o t e i n s a n d t h e o u t e r m o s t l a y e r c o m p o s e d of r e t i c u l a r a n d b a n d e d 
c o l l a g e n f i b r i l s . H o w e v e r , t h e p l a s m a m e m b r a n e a l o n e i s s o m e t i m e s r e f e -
r r e d to a s s a r c o l e m m a . T h e m e t h o d s fo r t h e i s o l a t i o n of s a r c o l e m m a 
a r e m a i n l y b a s e d on d e n s i t y g r a d i e n t c e n t r i f u g a t i o n ( P e t e r , 1970; K i d w a i 
e t a l . , 1973; M a t l i b et_ a l . , 1979) w h i c h r e s u l t in t h e p r o d u c t i o n of 
v e s i c u l a r m e m b r a n e p r e p a r a t i o n . T h e s e p r e p a r a t i o n s l a c k t h e c o m p o n e n t s 
s i t u a t e d e x t e r n a l to t h e p l a s m a m e m b r a n e . With t h e a d v e n t of new t e c h -
n i q u e s ( Z a i d i et_ a[_. , 1 9 8 1 ) , i t i s p o s s i b l e to i s o l a t e s a r c o l e m m a h a v i n g 
b a s e m e n t a n d p l a s m a m e m b r a n e l a y e r s i n t a c t in t h e f i na l p r e p a r a t i o n s . 
Such p r e p a r a t i o n s a r e u s e f u l fo r s t u d y i n g t h e s t r u c t u r e a n d c h e m i c a l 








•Band A-Band Triad 
Fig. 1.6: Schematic d iagram of amphib ian ske l e t a l muscle f i b e r 
showing the T- tubu les and s a r cop l a smic re t i cu lum 
re la t ion to s e v e r a l m y o f i b r i l s (Peachy , 1965). 
20 
All the t h r e e l a y e r s of sarcolemmal complex can be functionally-
d i s t i n g u i s h e d and immunological ly i d e n t i f i a b l e . It a p p e a r s t ha t the t h r e e 
l a y e r s of sarcolerruaa a re r e l a t e d to each o the r in somevvay. The p o s s i -
b i l i t y of l i p i d l inkage may e x i s t between the plasma membrane and 
the basement membrane components . The enzymat i ca l ly a c t i v e p lasma 
membrane , the main p e r m e a b i l i t y b a r r i e r , can be s e p a r a t e d from r e s t 
of the basement membrane and a s s o c i a t e d collagen f i b r i l s wi thout s e r i o u s l y 
impai r ing the v i a b i l i t y of the cel l (Stoeckenius and Engelman, 1969). 
The plasma membrane in muscle cel l is r e l a t i v e l y complex and 
need not nece s sa r i l y be confined to the p e r i p h e r y of the c e l l . E lec t ron 
microscopic s tud ies of muscle c e l l s ( P e a c h e y , 1965) have r e v e a l e d tha t 
spaced tubular invaginat ions p r e sen t in sarcolemma a r e e x t e n d e d deep 
into the cytoplasm (F ig . 1 .6) . These tubular s t r u c t u r e s run a c r o s s t h e 
muscle ce l l s near Z-lines of myof ib r i l s ca l l ed t r a n s v e r s e tubules or 
the T- sys t em. It may be p o s s i b l e tha t lumina of t he se tubules a re con t i -
nuous with the e x t r a c e l l u l a r phase (Nelson and Benson, 1963; Fawcett 
and McNutt, 1969). These i n w a r d l y d i r e c t e d tubular ex tens ions of the 
sarcolemma are l ined wi th a membrane which is a p p r o x i m a t e l y 9 nm 
v / ide , continuous and almost a functional pa r t of the plasma membrane 
( P e a c h e y , 1965; Brandt e^ aj^. , 1965; F ranz in i -Arms t rong , 1973). 
1 . 3 . 4 CHARACTERIZATION OF SARCOLEMMA 
Sarcolemma i so la t ed by var ious t echn iques can be c h a r a c t e r i z e d 
on the b a s i s of morpholog ica l , chemical and enzymatic c h a r a c t e r i s t i c s . 
1.3.4a Morphology 
The membranes on homogenization form v e s i c l e s of d i f fe ren t s i z e s 
can be viewed by e l e c t r o n - m i c r o s c o p y . It is not p o s s i b l e to a s s ign t h e 
or ig in of these ve s i c l e s unequ ivoca l ly on the bas i s of morphology but 
the t h i ckness of the membrane can give an ind ica t ion of i t s o r i g i n . 
In r a t muscle the plasma membrane t h i c k n e s s was found (Kidwai et_ a l . , 
1973) to be 95A° v/hile s a r cop l a smic re t iculum was 56A°. The sarcolemma 
i so l a t ed by the method of Zaidi £t_ aj_. , (1981) r e t a ined i t s t ubu la r s t r u c -
tu re and was there fore i d e n t i f i a b l e by l igh t mic roscopy . 
1.3 .4b Enzyme markers 
Membrane bound enzymes a re used as ma rke r s for the i d e n t i f i c a -
t ion of va r ious membranes a f te r i so l a t ion . Sarcolemma i s known to possess 
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Na + K -ATPase, p - n i t r o p h e n y l p h o s p h a t a s e (K - a c t i v a t e d ) , 5 ' - n u c l e o -
t i d a s e , adenjylate c y c l a s e , _ p h o s p h o d i e s t e r a s e and l e u c y l - ^ - n a p h t h y l ami -
dases (Kidwai e_^  aJ_. , 1973; Moffet et_ al_. , 1976; Jones e^ aj_. , 1980; 
Zaidi et_ aj_. , 1981). The enzymes , succinic d e h y d r o g e n a s e , cy tochrome 
c o x i d a s e and monoamine o x i d a s e s a r e used to exc lude the p o s s i b i l i t y 
of contamination by mi tochondr ia in sarcolemmal p r e p a r a t i o n s (Kidwai 
et_ a]_. , 1971, 1973). 
1.3 .4c Chemical composition and propert ies 
The chemical cons t i tuen t s a re sometimes useful as m a r k e r s for 
a p a r t i c u l a r membrane. It has been r e p o r t e d (Kidwai ei_ a_l_. , 1971, 1973; 
Zaidi et_ al_. , 1981), tha t the c h o l e s t e r o l ; p h o s p h o l i p i d r a t io was h ighe r 
in sarcolemma than in o the r muscle cel l subce l lu l a r f r a c t i o n s . The l i p i d 
composi t ion of the sarcolemma is different from that of o ther s u b c e l l u l a r 
f r ac t ions ; p h o s p h a t i d y l s e r i n e and sphingomyel in a re r e p o r t e d to be h ighe r 
( Fiehn et_ al_. , 1971) in sarco lemma. 
Sarcolemma p o s s e s s e s the glucose and calcium t r a n s p o r t p r o p e r -
t i e s . Glucose t r anspor t sys tem in rat ske le t a l muscle plasma membrane 
has been s tudied by Klip and Walker (1983) . Plasma membrane v e s i c l e s 
were capable of a D-glucose up t ake which was s e n s i t i v e to c y t o c h a l a s i n 
B. 
Calcium is impor tant in exc i t a t ion con t rac t ion coupling in a l l 
musc les . Increase of Ca in the cytosol a c t i v a t e s myof i laments , w h e r e a s 
for r e laxa t ion excess Ca must be removed . A Ca -ATPase i s located 
in the endoplasmic re t icu lum and r e c e n t l y another Ca-pumping mechanism 
was shown to be p resen t in plasma membrane. These maintain Ca homeo-
s t a s i s in the c e l l s . Calcium can be pumped out of t h e muscle c e l l s by 
Ca -ATPase and also via Na - Ca exchange (Lamers and S t i n i s , 1981; 
Wibo et_ a]_. , 1981). 
1 . 3 . 5 IMPORTANCE OF SARCOLEMMA IN CONTRACTION AND RELAXATION 
OF MUSCLE: ROLE OF Ca"*"^  
Contraction and r e l a x a t i o n is a membrane media ted phenomenon. 
In res t ing muscle t h e r e i s a po ten t i a l difference a c r o s s the sarcolemma 
such tha t the ou t s ide i s about 60 mV more p o s i t i v e than t h e i n s i d e . 
As the exci ta t ion impulse s p r e a d s over the sa rco lemma, t h i s po ten t i a l 
difference d i s a p p e a r s , a phenomenon ca l l ed d e p o l a r i z a t i o n . The d e p o l a r i -
zation is be l ieved to be due to a sudden change in p e r m e a b i l i t y to 
2 ' 
K , Na and Ca v^hich flow in such a d i r e c t i o n as to r e su l t in d i s c h a r g e 
of the t ransmembrane p o t e n t i a l . 
When muscle is s t imu la t ed by ne rve ( exc i t a t i on -con t r ac t i on coup-
l i n g ) , calcium is r e l ea sed from the s a r c o p l a s m i c re t icu lum compartment 
and the calcium concentra t ion in sa rcop lasm r i s e s r e su l t ing into muscle 
con t rac t ion . For r e l axa t ion of muscle , calcium must be pumped back 
into the sarcoplasmic re t icu lum compar tment , reducing the calcium concen-
t r a t i on in the sa rcop lasm. The calcium r e l e a s e is not s tud ied in de t a i l 
using i so la ted sa rcoplasmic re t iculum and a v e r y l i t t l e is known about 
t h i s p r o c e s s . 
The Ca re l ease p r o c e s s i nvo lves two t y p e s of membranes , 
the sarcolerama and s a r c o p l a s m i c re t i cu lum. Both membranes a re a s s o -
c ia t ed in the form of the t r i a d i c junct ions which i s composed of two 
terminal c i s te rnae of s a r cop l a smic re t iculum in functional l inkage wi th 
the t r a n s v e r s e tubules { F i g . 1 . 6 ) . The t r a n s v e r s e tubules a re the s p e c i a -
l i zed por t ions of sarcolemma which invagina tes and ex tends t r a n s v e r s e l y 
into the in ter ior of the muscle f i b e r . Thus , in e x c i t a t i o n - c o n t r a c t i o n 
coupl ing , the pathway of exc i t a t i on p r o c e e d s , f i r s t from nerve to muscle 
via the neuromuscular junc t ion , the junction between nerve and muscle 
plasma membrane. The ac t ion poten t ia l continues along the sarcolemma 
and then in t race l lu la r 1 y via the t r a n s v e r s e tubu les and the t r i a d i c junc-
tion t r igger ing calcium ion r e l e a s e from the te rminal c i s t e rnae of s a r c o -
plasmic reticulum ( F l e i s c h e r , 1981). 
Transformation between the d i a s to l i c and s y s t o l i c s t a t e s in s k e l e -
tal muscle ce l l s re f lec t a sudden change in the i n t r a c e l l u l a r a v a i l a b i l i t y 
of ionized calcium. However , t h e r e can be l i t t l e doubt tha t the accom-
panying biochemical and b i o p h y s i c a l e v e n t s , shown d i a g r a m a t i c a l l y ( F i g . 
1.7 and 1.8) , a re not ful ly unde r s tood . According to t h i s o u t l i n e , d e p o -
l a r i za t ion of the ce l l membrane r e s u l t s in an i nward d i sp lacement of 
+ ++ 
Na and Ca across t h e sarcolemmal complex , and a d i sp lacement of 
Ca from in t race l lu la r b inding s i t e s . If, as a r e s u l t of t h e s e c h a n g e s , 
t he in t r ace l lu la r concent ra t ion of Ca e x c e e d s 10 M, {V7eber et_ a l . , 
1967) and p rov ided t h a t t h e a p p r o p r i a t e ATPase i s a c t i v e , t ha t t h e 
sufficient ATP is a v a i l a b l e and tha t the n e c e s s a r y cofac tors a r e p r e s e n t , 
contract ion should occur (Ebash i et_ aj_. , 1969; Katz et_ aj_. , 1970; N a y l e r , 
1973). Although t h e d i ag ramat i c scheme i s s t i l l based on many a s s u m p -
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CONTRACTION 
Fig. 1.7 Schematic r e p r e s e n t a t i o n of the events invo lved in the 
t rans i t ion from d i a s t o l e to s y s t o l e in ske l e t a l muscle 
ce l l s (From W.G. N a y l e r , 1977). 
7.H 
Accumulation of Ca w i t h i n the sa rcop lasmic re t iculum 
2+ y -7 Reduction in myoplasmic Ca \ 1 0 M 
Re-emergence of the t ropon in - t ropomyos in induced i n h i b i t i o n 
of the ac t in induced a c t i v a t i o n of myosin ATPase 
Inh ib i t ion of Myosin ATPase a c t i v i t y 
Inac t iva t ion of c r o s s - b r i d g e formation 
RELAXATION 
F i g . 1 . 8 Schematic r e p r e s e n t a t i o n of even t s invo lved in the t r a n -
s i t ion from s y s t o l e to d i a s t o l e in s k e l e t a l muscle c e l l s 
(From W.G. Nay le r , 1977). 
r o l e which both the plasma membrane and the sa rcop la smic re t i cu lum 
p l a y in the events a s s o c i a t e d wi th t.ie t rans format ion of t h e d i a s t o l i c 
to sy s to l i c s ta te in s k e l e t a l muscle . 
1 . 3 . 6 PRESENCE OF •CALCIUM PUMP" IN SARCOLEMMA AND ITS ROLE 
Although the i n t r a c e l l u l a r movement of Ca during muscle con-
t r ac t i on and re laxa t ion have been s tud i ed e x t e n s i v e l y , the ro le t h a t 
Ca flux across the sarcolemma p l ays in e x c i t a t i o n - c o n t r a c t i o n coupling 
i s not well defined. However , the p resence of a Ca - s t imu la t ed ATPase 
in the muscle membrane has been long s u s p e c t e d and i t s ro le in the 
Ca efflux has been c o n s i d e r e d by some i n v e s t i g a t o r s (Sulakhe and 
Dha l l a , 1971; Daniel e^ a]_. , 1979). Since Ca '^  efflux from the muscle 
ce l l occurs against the concent ra t ion g r a d i e n t , it is p o s s i b l e tha t t h e r e 
i s a "calcium pump" p re sen t in the muscle sarcolemma. The Ca - s t i m u l a -
ted ATPases have been r e p o r t e d to ex i s t in the plasma membrane of s e v e -
r a l cell t ypes (DiPolo and Beasuge, 1979; Lee and Shin , 1969; Sulakhe 
et a l . , 1976), including muscle ( P e t e r , 1970; McNamara e^ a]_. , 1971; 
Sulakhe et_ a l . , 1973; Daniel et_ aj_. , 1979). Evidence for the ex i s t ance 
of a d i s t inc t ATP d r i v e n Ca -pump in c a r d i a c sarcolemma can a l so be 
found in l i t e r a t u r e (Hui et_ aj_. , 1976; Caroni and Carofoli , 1980; Laraers 
and S t in i s , 1980; Spi tzer e_t_ a l . , 1981). Ca - a c t i v a t e d , Mg -dependen t 
ATPase enzyme has been r e p o r t e d in c a r d i a c sarcolemma (Trumble e_^  
al • , 1980) and in smooth muscle plasma membrane (Kwan, 1982), which 
was found d i s t i n c t l y di f ferent from sa rcop lasmic re t icu lum enzyme. Re-
++ 
c e n t l y , Micholac e^ aj^. , (1984) have shov/n tha t Ca -pumping ATPase 
i s an in tegra l component of s k e l e t a l muscle sa rco lemma. They have a l so 
i s o l a t e d the ATPase by means of a calmodul in a f f in i ty ch roma tog raphy 
as a p ro te in band of 140,000 da l ton . The p re sence of such an enzyme 
in the sarcolemma, n e c e s s a r i l y imply tha t a Ca -pump e x i s t s , wh ich 
p l a y s a v i ta l ro le in exc i t a t i o n - con t r ac t i on phenomenon of the muscle . 
l A BASEMENT MEMBRANE 26 
Knov/iedge" of bdbeineiit membrane remained in a s t a t e of dormant 
for about 100 years a f t e r the d e s c r i p t i o n by Todd and Bowman around 
the middle of nineteenth c e n t u r y . They s t a t e d tha t basement membranes 
a r e e x t r a c e l l u l a r boundary s t r u c t u r e s t ha t s e p a r a t e s e p i t h e l i a l and endo -
t h e l i a l ce l l s from under ly ing connect ive t i s s u e s . Krakower and Greenspon 
(1951) i so la ted t h i s e x t r a c e l l u l a r mater ia l from renal glomerul i of k i d n e y . 
Since then t he se e x t r a c e l l u l a r boundary s t r u c t u r e s have been i s o l a t e d 
and s tud ied from seve ra l t i s s u e s (Kefal ides and V/inzlor, 1966; S p i r o , 
1967; Fukushi and S p i r o , 1969). Later i nves t iga t ions have shown t ha t 
basement membranes contain both collagenous and non-collagenous g l y c o -
p ro te in components (Kefa l ides , 1966). Some of them have now been i d e n -
t i f i ed as t y p e IV co l lagen , laminin , p ro teog lycans and c a r b o h y d r a t e 
components (Timpl et_ a l . , 1979; Kanv/ar and F a r c u h a r , 1979a; Kazuyuki 
and Ikuo, 1983; Timpl e^ al_. , 1983; Heickendorf and Lede t , 1983). Re-
c e n t l y , e lec t ron microscopic iramunostaining have been used to locate 
the var ious components of basement membrane. 
Studies on the s t r u c t u r e and function of basement membranes 
have been r e p o r t e d from va r ious l a b o r a t o r i e s and form the b a s i s of 
many rev iews (Kefa l ides , 1973; Godfrey and Grant , 1981; Grant et^ a l . , 
1981; Scott , 1983; Martin e^ a^. , 1983). On the b a s i s of information 
a v a i l a b l e to date it can be s t a t ed that basement membranes a r e functional 
t i s sue units having a complex organiza t ion of s e v e r a l p ro te ins and c a r -
b o h y d r a t e moie t i e s . They a re loca ted in between the plasma membrane 
and connective t i ssue ma t r i x (ground s u b s t a n c e ) , (F ig . 1 .9 ) . 
1 . 4 . 1 LOCATION OF BASEMENT MEMBRANES 
Basement membranes a re found, at t he dermoepidermal junct ion 
of the s k i n , at the base of lumen-l ining e p i t h e l i a throughout the d i g e s -
t i v e , r e s p i r a t o r y , r e p r o d u c t i v e and u r i n a r y t r a c t s , under ly ing endo the l i a 
of c a p i l l a r i e s , around Schwan c e l l s , ad ipocy tes . , s k e l e t a l and c a r d i a c 
mucle ce l l s and at the base of parenchymatous ce l l s of exocr ine ( p a n c -
r e a s , s a l i v a r y ) and endocr ine ( p i t u t a r y , t h y r o i d , a d r e n a l ) glands w h e r e -
eve r they face p e r i v a s c u l a r t i s s u e . In effect , basement membranes s e r v e 
to del imit the domain of connect ive t i s s u e and p r o v i d e a b a r r i e r betv/een 
















LOCATION OF BASEMENT MEMBRANE 
Fig . 1.9: Schematic diagram showing t y p i c a l o rganiza t ion of basement 
membrane. Basement membrane i s loca ted between plasma; 
membrane and connect ive t i s sue m a t e r i a l . 
2'^ 
The only cell l ines which do face the connect ive t i s s u e ground 
subs tance but without any in t e rven ing basement membrane l a y e r , a r e 
connect ive t i ssue ce l l s ( f i b r o b l a s t s , mast c e l l s , plasma c e l l s ) and ce l l s 
of hematogenous or ig in {grannulocy tes , monocytes , l y m p h o c y t e s ) . 
1 . 4 . 2 ISOLATION OF BASEMENT MEMBRANE 
Various methods for i so la t ion of basement membranes a re summe-
r i z e d by Krakovver and Greenspon (1978) . The methods used for i so la t ion 
of basement membrane depends upon the nature of the source . 
1.4.2a Basement membrane from Non-glomerular blood v e s s e l s 
The i so la t ion of basement membrane from choro id p l exus and 
c i l l i a r y p roces se s involves the e x t e n s i v e washing of e x c i s e d v e s s e l s 
wi th normal sal ine followed by sonica t ion . Kefal ides and Denduchis (1969) , 
used ace t ic acid for washing the t i s sue followed by sonicat ion in normal 
s a l i n e . The p r epa ra t i on was a lso t r e a t e d with DNase and RNase. Basement 
membrane from re t ina l v e s s e l s have been i s o l a t e d af ter homogenization 
and ex t r ac t ion with t r i t o n X-100 and sodium deoxychola te (Brendel et 
aj_. , 1974; Meezan e^ aj_. , 1974). 
1.4 .2b Basement membrane from eye lens capsule 
Basement membrane of eye lens capsu le can be i so la ted by mild 
mechanical v ib r a t i ons of i so l a t ed t i s s u e in normal s a l i ne . The i so la t ion 
of Bov/man's and Descemet ' s membrane of cornea is mainly dependent 
on the separa t ion of t hese membranes from the t i s s u e (Dohlman and Ba l az s , 
1955). 
1 .4 .2c Basement membrane from kidney 
Isolat ion of g lomerular and tubu la r basement membranes from 
k idney have been ach i eved by sonicat ion of the i so l a t ed t i s s u e . Various 
modif icat ions of t h i s general p r o c e d u r e have been in t roduced ( S p i r o , 
1967; Gang, 1970; V/estberg and Michael , 1970). In p lace of sonic v i b r a -
t i o n s , glomerular basement membrane can a lso be obta ined b y dens i t y 
grad ien t centr ifugation ( L i d s k y £t_ al_. , 1967 and Kibel e;^ al_. , 1976). 
Meezan and cov/orkers (1978) deve loped a t echn ique for i so l a t ion of 
u l t r a s t r u c t u r a l l y and chemica l ly pu re basement membrane from k idney 
glomeruli and tubules using Tr i ton X-100 and DOC v/ithout son ica t ion . 
1 .4 .2d Basement membrane from liings 
The method for i so la t ion of basement membrane from a l v e o l a r 
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e p i t h e l i a l and vascular t i s s u e of lung a re s imi la r to those used for 
g lomerular basement membrane i so l a t i on i . e . sonicat ion of t i s sue in sa l ine 
solut ion (Kefal ides and Denducl i i s , 1969). In some cases t i s s u e i s a l so 
t r e a t e d with ace t ic acid fol lowed by t reatment wi th RNase. 
1 .4 .2e Placental basement membrane 
Basement membranes from placenta a re a lso ob ta ined by son ica -
t ion of i so la ted t i s sue in s a l i ne solut ion followed by t rea tment wi th 
ace t i c a c i d , RNase and DNase. 
1.4.2f Skeletal muscle basement membrane 
Isolat ion of pu r i f i ed basement membrane have not been a c h i e v e d 
success fu l ly . However, t h e i so l a t ion of ske le t a l muscle sarcolemma con-
taining plasma membrane as well as basement membrane was c a r r i e d 
out by ex t rac t ing the c o n t r a c t i l e p ro t e in with sa l t solut ions l ike L iBr , 
NaCl, KBr, e t c . {Kono and Colowick , 1961; Koketsu e^ al_. , 1964). Mc-
Col les t e r (1962) and Rosenthal and coworker s (1965) incubated the muscle 
homogenate at 37°C for i so l a t i on of sarcolemma. Marion and Arnason (1982) 
p r e p a r e d muscle cell ghos t s from ra t ske l e t a l muscle by v/ashing and 
. incubating the homogenate at 37°C wi th sal t solut ion and then emptying 
the tubes with EGTA so lu t ion . 
1.4.3 CHEMICAL COMPOSITION OF BASEMENT MEMBRANE 
Chemical composi t ion of the basement memorane is impor tan t 
for unders tanding the s t r uc tu r e - func t i on r e l a t i o n s h i p , however chemical 
c h a r a c t e r i z a t i o n is diff icul t due to two r ea sons . 
1. Though basement membranes a r e ub iqui tous but p re sen t 
only in small amounts in any t i s s u e . 
2. They a re v i r t u a l l y inso lub le m a t e r i a l s . 
To overcome second d i f f i c u l t y , i t i s neces sa ry for basement 
membranes to be sub jec ted to p r o t e o l y t i c d iges t ion or use r educ t ion 
and a l k y l a t i o n . Information ob ta ined from the act ion of p r o t e o l y t i c enzymes 
suggested that basement membranes cons is t of a s ingle collagenous p o l y -
p e p t i d e chain while a l k y l a t i o n and reduc t ion methods ind ica t ed the p r e -
sence of a s e r i e s of he terogeneous collagenous components . At p r e s e n t , 
s i x different components have been i so l a t ed from basement membrane 
p r e p a r a t i o n s . 
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1.4.3a Basement membrane collagen 
Type IV collagen has been e s t a b l i s h e d as a major cons t i tuent 
of basement membranes (Kcfa l ides^ 1971) . Bascrr.ent niembrane col lagen 
is d i s t i n c t from i n t e r s t i t i a l co l l agens . It does not form f i b r i l s l i k e 
i n t e r s t i t i a l col lagen. The amount of g lyc ine is h i g h e r in basement mem-
brane co l lagens . This may be due to f requent i n t e r r u p t i o n of the c o l l a -
genous amino acid sequence {Gly-X-Y)n (Schuppan et_ aj_. , 1980). Th i s 
sequence of amino acid t r i p l e t i s n e c e s s a r y for the formation of t r i p l e 
he l i c a l collagen monomer molecule . Th i s i n t e r r u p t i o n d e s t a b i l i z e s t h e 
t r i p l e h e l i x and can e x p l a i n the s u s c e p t a b i l i t y of t ype IV collagen to 
various proteases. The content of hydroxyproline i s often h i g h , a l though 
i t cannot be used as a spec i f i c c h a r a c t e r i s t i c of t ype IV col lagen. Ca r -
b o h y d r a t e s in the form of l a rge p o l y s a c c h a r i d e s and as h y d r o x y l ysine 
l inked d i s a c c h a r i d e s , account for about 101 of the weight of t y p e IV 
co l lagen . 
Recent ly , monoclonal an t i bod i e s to t y p e IV collagen have been 
used as a p robe for the s t u d y of s t r u c t u r e and function of basement 
membrane (Foellmer et_ a l . , 1983). The p resence of type V col lagen or 
AB collagen in at leas t some basement membranes has been sugges ted , 
but i t has been iden t i f i ed more as a ce l l membrane-assoc ia ted component 
in many t i s sues (Gay e;t_ aj_. , 1981). 
1.4 .3b Laminin 
Laminin has been iden t i f i ed and c h a r a c t e r i z e d as a major non-
collagenous g lycopro te in component of basement membranes (Ti.mpl et 
a l . , 1979). It has been i so l a t ed from endodermal cel l l i n e s , by EHS-
tumor and by r a t yolk- sac ca rc inomas . The molecular weight of laminin 
is about 850,000 dal tons and on reduc t ion two components with molecular 
weight of 440,000 and 220,000 dal tons can be i den t i f i ed (Timpl e^ a l . , 
1979; Ashley et_ al_. , 1981; Mart inez-Hernandez e^ al_. , 1982). Laminin 
media tes at tachment of both normal and neop la s t i c c e l l s of mesenchymal 
and e p i t h e l i a l or igin (Terranova et_ a_l_. , 1980). It i n t e r a c t s wi th g lycosa -
minogl yeans (Sakashi ta et_ aj_. , 1980; Timpl et_ a]_. , 1982, for r e v i e w ) 
and a l so b inds with h e p a r a n sulfate p ro teog lycan and type IV col lagen 
(Delrosso et_ aj_. , 1981; Hayman et_ a]_. , 1982). Moreover , laminin promotes 
adhes ion of var ious t y p e s of ce l l s (Couchman et_ a l . , 1983; Vlodavsky 
and Gospodarowicz, 1981) and affects growth and d i f fe ren t ia t ion of em-
bryona l ce l l s (Grover e^ a_l_. , 1983). A p o s s i b l e ro le of laminin in mor-
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r e c e p t o r for laminin has a l so been iden t i f i ed (Te r ranova et_ al_. , 1983 y? ' 
Electron microscope r o t a t o r y shadowing t echn iques have shown 
tha t laminin i s a c ross s h a p e d molecule containing th ree s h o r t arms 
(36 nm) and one long arm (76 nm) . All a rms conta in globular regions 
at t h e i r end. C a r b o h y d r a t e moiet ies on laminin molecules have been 
iden t i f i ed and local ized by s tudy ing t h e b ind ing af f in i ty of a s e r i e s 
of l ec t ins (Rao et_ a l . , 1983) . Although laminin has been demons t ra ted 
immunohis tochemical ly (Mar t inez-Hernandez ei_ a l . , 1982) in a v a r i e t y 
of t i s s u e s , i t s i so la t ion from au then t i c basement membranes by non d e g r a -
d a t i v e means has to da te been qu i te d i f f i cu l t . Digest ion of whole b a s e -
ment membrane with peps in g ives r i s e to two h igh molecular weight 
laminin fragments (Pi and Pa) (R i s t e l i and T impI , 1981). Wewer et_ a l . , 
(1983) used monoclonal a n t i b o d i e s to r a t laminin for the i so la t ion of 
a p ro te in with p r o p e r t i e s of laminin from human p l a c e n t a . 
1.4 .3c Proteoglycans 
Proteoglycans a r e mainly r e p o r t e d in g lomerular basement mem-
b r a n e s , p r o b a b l y they p l a y a ro le in the f i l t r a t i o n of p ro te ins through 
glomerular basement membrane (Kanwer et_ a l . , 1981). Heparan sulfate 
and hyaluronic acid account for about 1% of t he d r y weight of the g lo-
merular basement membrane (Kanwer and F a r q u h a r , 1979b) . Heparan sulfate 
p ro teoglycan from glomerular basement membrane h a v e r ecen t l y been 
c h a r a c t e r i z e d (Kanwer et_ a l . , 1984). EHS-tumor p roduces a hepa ran su l -
fate proteoglycan with a molecular s i ze of 500,000 to 1,000,000 dal tons 
(Hassel et_ a^. , 1980). It contains equal amounts of p r o t e i n s and h e p a r a n 
su l f a t e . Antibodies p r e p a r e d aga ins t i t s t a i n the lamina r a ra of au then-
t i c basement membranes. A mul t ip le h e p a r a n sul fa te p ro teog lycan s y n t h e -
s ized by a basement membrane producing murine embryonal carcinoma 
ce l l l ines have been r e p o r t e d (Lowe-Krentz and K e l l e r , 1983). Various 
s tud i e s on pro teoglycans of basement membranes h a v e been r e v i e w e d 
(Spi ro and Narayanan, 1982). 
1.4 .3d Entactin 
Entactin is a su l fa ted g l y c o p r o t e i n c h a r a c t e r i z e d from the e x t r a -
ce l lu l a r matr ix of a mouse endodermal ce l l l ine (Car l in e^ aj_. , 1981). 
Th i s p ro t e in has a molecular s i ze of about 158,000 da l tons and is immuno-
log ica l ly d i s t inc t from laminin . Ant i -en tac t in a n t i b o d i e s s ta in a v a r e i t y 
of basement membranes , whe re en tac t in i s p r o b a b l y loca ted at the i n t e r -
face between the c e l l s and t h e m a t r i x . U l t r a s t r u c t u r a l loca l iza t ion of 
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e n t a c t i n h a s a l s o been e s t a b l i s h e d in r a t t i s s u e s ( M a r t i n e z - H e r n a n d e z 
a n d C h u n g , 1 9 8 4 ) . 
1 . 4 . 3 e F i b r o n e c i i n 
F i b r o n e c t i n a m u l t i f u n c t i o n a l g l y c o p r o t e i n w h i c h i s found i n 
many b u t not in a l l b a s e m e n t m e m b r a n e s . Most c e l l s w i t h a c t i v e b a s e m e n t 
m e m b r a n e s y n t h e s i s do not p r o d u c e i t a n d i t s p r e s e n c e may b e d u e to 
t r a p p i n g f rom p l a s m a (Oh e_^ aj_. , 1 9 8 1 ) . L i g h t a n d e l e c t r o n m i c r o s c o p e 
a n d i m m u n o h i s t o c h e m i c a l s t u d i e s on s k e l e t a l m u s c l e f i b e r b a s e m e n t mem-
b r a n e h a v e r e v e a l e d t h a t f i b r o n e c t i o n i s p r e s e n t in p o r t i o n s of b a s e m e n t 
m e m b r a n e s e x t e n d e d t h r o u g h s y n a p t i c c l e f t s a t n e u r o m u s c u l a r j u n c t i o n 
a n d in r e m a i n i n g e x t r a s y n a p t i c p o r t i o n s p r e s e n t i n b a s a l l a m i n a a n d 
in t h e o v e r l a y i n g r e t i c u l a r l a m i n a , ( S a n e s , 1 9 8 2 ) . I m m u n o l a b e l l i n g t e c h n i -
q u e s s h o w e d t h a t f i b r o n e c t i n i s a b u n d e n t l y p r e s e n t in m e s a n g i a l m a t r i x 
b u t c o u l d be d e t e c t e d in p e r i p h e r a l g l o m e r u l a r b a s e m e n t m e m b r a n e w h e r e 
i t i s l o c a l i z e d in l amina r a r a ( C o u r t y e_t_ a2_. , 1 9 3 2 ) . T h e r o l e of f i b r o -
n e c t i n in c e l l to c e l l a t t a c h m e n t , c e l l s u b s t r a t e a d h e s i o n , c e l l u l a r m o t i -
l i t y and d i f f e r e n t i a t i o n h a v e b e e n r e p o r t e d . T h e b i n d i n g of f i b r o n e c t i n 
a n d i t s p r o t e o l y t i c f r a g m e n t s to gl y c o s a r a i n o g l y e a n s h a v e b e e n o b s e r v e d 
( S e k i g u c h i e ^ aj_. , 1 9 8 3 ) . 
1 . 4 . 4 FUNCTIONS OF BASEMENT MEMBRANE 
The func t ions of b a s e m e n t m e m b r a n e may v a r y a c c o r d i n g to t h e 
t y p e and s o u r c e . F o l l o w i n g a r e t h e main f u n c t i o n s a t t r i b u t e d to b a s e m e n t 
m e m b r a n e . 
1 . 4 . 4 a F i l t r a t i o n 
Basement m e m b r a n e p l a y a n i m p o r t a n t r o l e i n t h e f i l t r a t i o n of 
m a c r o r a o l e c u l e s p a r t i c u l a r l y in r e n a l g l o m e r u l i ( F a r q u h a r , 1 9 8 1 ) . E a r l y 
s t u d i e s b y C a u l f i e d a n d F a r q u h a r (1974) i n d i c a t e d t h a t t h e r a t g l o m e r u l a r 
b a s e m e n t m e m b r a n e i s t h e major p e r m e a b i l i t y b a r r i e r to p r o t e i n s f r o m 
4 0 , 0 0 0 to 200 ,000 d a l t o n . Rennke e ^ aj_. , ( 1 9 7 5 ) s u b s e q u e n t l y showed 
t h a t c h a r g e a s we l l a s t h e s i z e i s i m p o r t a n t fo r f i l t r a t i o n . T h i s r e q u i r e s 
t h e p r e s e n c e of f u n c t i o n a l p o r e s a n d f i x e d a n i o n i c s i t e s in t h e m e m b r a n e . 
D i s t r i b u t i o n of a n i o n i c s i t e s h a v e b e e n e x a m i n e d u s i n g l y s o z y m e a n d 
a l c i a n b l u e . C a t i o n i z e d f e r r i t i n , r e t h e n i u m r e d a n d po l y e t h y l a m i n e h a v e 
a l s o b e e n u s e d to d e m o n s t r a t e t h e s e a n i o n i c g r o u p s in b a s e m e n t m e m b r a n e 
f rom v a r i o u s s o u r c e s ( H a p w o o d ^ aj_.., 1 9 8 3 ) . T h e g l y c o p r o t e i n c o m p o n e n t 
w a s o r i g i n a l l y t h o u g h t to b e t h e f i l t r a t i o n b a r r i e r . T h e d i s c o v e r y of 
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g l y c o s a m i n o ^ ^ l y c a n s , h e p a r i n s u l f a t e (Kanwer et_ a l . , 1984) in p a r t i c u l a r , 
w e r e c o m p c n e n t s of t h e l a m i n a e r a r a e p o r t i o n of t h e b a s e m e n t m e m b r a n e 
amy p r o v i d e t h e b a s i s fui s e v e i a l sLuiiict) luLu t h e r o l e of p o l y a n i o n s 
in g l o m e r u l a r b a s e m e n t m e m b r a n e f i l t r a t i o n . 
1 . 4 . 4 b Support and c e l l a t t a c h m e n t 
Basement m e m b r a n e s p r o v i d e s u p p o r t t o t h e c e l l b y m a k i n g a 
l i n k b e t w e e n c e l l s and c o n n e c t i v e t i s s u e . E p i t h e l i a l a n d e p i d e r m a l c e l l s 
a t t a c h p r e f e r e n t i a l l y to t y p e IV c o l l a g e n and t h i s a t t a c h m e n t i s s p e c i f i -
c a l l y m e d i a t e d b y l a m i n i n ( T e r r a n o v a et_ a l . , 1 9 8 0 ) . I n v o l v e m e n t of l a m i -
n i n in c e l l u l a r a t t a c h m e n t of o t h e r c e l l t y p e s h a v e b e e n l a t e r i n v e s t i g a -
t e d . A h i g h b i n d i n g a f f i n i t y r e c e p t o r on t h e c e l l s u r f a c e to w h i c h l a m i -
n i n a t t a c h e s , h a s been d e s c r i b e d on human c a r c i n o m a c e l l s ( T e r r a n o v a 
e ^ al_. , 1 9 8 3 ) . 
1 . 4 . 4c D i f f e r e n t i a t i o n 
During e m b r y o n i c d e v e l o p m e n t , l a m i n i n a n d t y p e IV c o l l a g e n 
a r e f i r s t e x t r a c e l l u l a r c o m p o n e n t s to b e f o r m e d , v / h e r e a s f i b r o n e c t i n 
a n d i n t e r s t i t i a l c o l l a g e n t y p e s a p p e a r c l e a r l y l a t e r ( L e i v o e_^  a l . , 1 9 8 0 ) . 
S u b s e q u e n t l y , t h e s y n t h e s i s of b a s e m e n t m e m b r a n e p r o t e i n s i s a m a r k e r 
for t h e p a r i e t a l e x t r a e m b r y o n i c e n d o d e r m , in c o n t r a s t to t h e v i s c e r a l 
(Hogan e_^ a l . , 1980 ) . In g e n e r a l , t h e r o l e of b a s e m e n t m e m b r a n e d u r i n g 
e m b r y o n i c d e v e l o p m e n t i s to p r o v i d e s u b s t r a t u m for t h e m i g r a t i o n a n d 
a l i g n m e n t of c e l l s . A p o s s i b l e r o l e of b a s e m e n t m e m b r a n e in i n d u c t i o n 
of o s t e o g e n e s i s in e m b r y o n i c c h i c k m a n d i b u l a r m e s e n c h y m e h a s b e e n 
r e v i e w e d (VanExam a n d H a l l , 1 9 8 3 ) . A r e v i e w b y L e i v o ( 1 9 8 3 ) f o r m s 
t h e b a s i s of t h e r o l e of b a s e m e n t m e m b r a n e in d e v e l o p m e n t a l b i o l o g y . 
1 , 4 . 5 ROLE OF BASEMENT MEMBRANE IN MUSCLE 
The s u r f a c e c o m p o n e n t s of a d u l t s k e l e t a l m u s c l e c e l l s n i v i v o 
a r e a r r a n g e d in a s e r i e s of s t r u c t u r e b e s t d e s c r i b e d b y e l e c t r o n m i c r o -
s c o p y . T h e b a s e m e n t m e m b r a n e w h i c h c o v e r s t h e p l a s m a m e m b r a n e f rom 
out s i d e i s much t h i c k e r t h a n i t . T h e t h i c k n e s s v a r i e s a c c o r d i n g to 
t h e t y p e of t i s s u e ( F a w c e t t a n d McNut t , 1 9 6 9 ) . I r r e s p e c t i v e of i t s t h i c k -
n e s s , i t i s t h i s b a s e m e n t m e m b r a n e w h i c h p r o v i d e s i m m e d i a t e e n v i r o n m e n t 
for t h e o u t e r s u r f a c e of t h e p l a s m a m e m b r a n e a n d w h i c h i n s u l a t e s a n d 
to some e x t e n t , p r o t e c t s t h e p l a s m a m e m b r a n e f rom t h e e x t r a c e l l u l a r 
p h a s e s u b s t a n c e s . T h e s u b s t a n c e s e i t h e r x e n o b i o t i c s o r m e t a b o l i t e s h a v e 
to p e n e t r a t e t h i s t h i c k b a s e m e n t m e m b r a n e b e f o r e m a k i n g a n y c o n t a c t 
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v / i t h e n z y m a t i c a l l y a c t i v e p l a s m a m e m b r a n e . T h e p o s s i b l e s i g n i f i c a n c e 
of t h e r o l i p l a y e d b y t h e m u s c l e b a s e m e n t m e m b r a n e m u s t , t h e r e f o r e , 
nnt hp o v e r l o o k e d . 
The r o l e of t h e b a s e m e n t m e m b r a n e i n p r o v i d i n g s u b s t r a t u m 
for c e l l a t t a c h m e n t i s e s s e n t i a l in t h e m a i n t e n a n c e of t i s s u e m o r p h o l o g y . 
V r a c k o and B e n d i t t (1972) d e s c r i b e d t h e r o l e of b a s e m e n t m e m b r a n e 
i n o r d e r l y r e p l a c e m e n t of s k e l e t a l m u s c l e a n d c a p i l l a r i e s f o l l o w i n g i n -
j u r y . The a p p e a r a n c e of t y p e IV c o l l a g e n d u r i n g t h e d e v e l o p m e n t of 
m y o b l a s t s bu t p r i o r to t h e f o r m a t i o n of m y o t u b e s s u g g e s t s a p o s s i b l e 
r o l e of b a s e m e n t m e m b r a n e in m u s c l e d e v e l o p m e n t . V r a c k o (1974) r e v i e w e d 
b a s e m e n t m e m b r a n e s i g n i f i c a n c e in m a i n t e n a n c e of m o r p h o l o g y . V a r i o u s 
a n t i g e n s h a v e b e e n r e c o g n i z e d i n s k e l e t a l m u s c l e b a s e m e n t m e m b r a n e 
b u t none h a s b e e n c h a r a c t e r i z e d ( S a n e s a n d H a l l , 1979; B a y n e e_t_ a l . , 
1 9 8 0 ) . The r o l e p l a y e d b y t h e s e a n t i g e n s in m u s c l e i s not c l e a r . F i b r o -
n e c t i n i s known to b i n d c o n s i d e r a b l e a m o u n t s of c o n c a n a v a l i n A ( G a h m b e r g 
a n d H a k o m o r i , 1975) and t h e s a m e i t a p p e a r s to be t r u e fo r t h e w h o l e 
b a s e m e n t m e m b r a n e of s k e l e t a l m u s c l e (V/akayama e_t_ a_l_. , 1 9 8 0 ) . R e c e n t l y , 
t h e p r e s e n c e of l e c t i n r e c e p t o r s ( w h e a t g e r m a g g l u t i n i n a n d c o n c a n a v a -
l i n e A) h a v e b e e n s h o w n in s k e l e t a l m u s c l e b a s e m e n t m e m b r a n e ( W e i s s 
e ^ al_. , 1 9 8 6 ) . 
1 . 4 . 6 ALTERATIONS ASSOCIATED WITH BASEMENT MEMBRANE IN DISEASE 
STATES 
P a t h o l o g i c a l c h a n g e s a s s o c i a t e d w i t h b a s e m e n t m e m b r a n e s i n 
d i s e a s e s t a t e s h a v e b e e n c h a r a c t e r i z e d o n l y a t m o r p h o l o g i c a l l e v e l , 
w h e r e a s v e r y l i t t l e i s known in t e r m s of c h e m i c a l c h a n g e s . 
1 . 4 . 6 a D i a b e t e s 
T h i c k e n i n g of t h e c a p i l l a r y b a s e m e n t m e m b r a n e i s a c h a r a c t e r i s -
t i c l e s i o n in l o n g - t e r m d i a b e t e s a n d i s c o n s i d e r e d to be t h e c a u s e of 
d i a b e t i c m i c r o a n g i o p a t h y . In g l o m e r u l u s , c h a n g e s a r e a c c o m p a n i e d b y 
an i n c r e a s e in t h e m e s a n g i a l m a t r i x . I t h a s a l s o b e e n s u g g e s t e d t h a t 
t h e g l o m e r u l a r vo lume a n d t h e g l o m e r u l a r c a p i l l a r y a r e a a r e a l r e a d y 
i n c r e a s e d in e a r l y d i a b e t e s , p o s s i b i l y d u e to i n c r e a s e d b a s e m e n t m e m -
b r a n e s y n t h e s i s ( O s t e r b y a n d G u n d e r s o n , 1 9 8 0 ) . An i n c r e a s e of k e t o a m i n e -
l i n k e d c a r b o h y d r a t e s in g l o m e r u l a r b a s e m e n t m e m b r a n e c o l l a g e n h a s b e e n 
r e p o r t e d in d i a b e t i c r a t s ( C o h e n £t_ aj_. , 1 9 8 0 ) . N o n - e n z y m a t i c g l u c o s y l a -
t i o n of b a s e m e n t m e m b r a n e c o m p o n e n t s o c c u r s in d i a b e t e s a n d m i g h t c o n -
t r i b u t e to t h e ma l func t ion of t h e s e s t r u c t u r e s . Mandel e t a l . , ( 1 9 8 3 ) 
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i n v e s t i g a t e d for the f i r s t t i m e , p o s s i b l e g lycosy l a t i on _in. v ivo of human 
lens capsule ba;jement membrane . The g lycosy la t ion of human lens capsu le 
in d i a b e t i e s was found to b*? •='2"-^'—^ritly inr-rf^acoH than t h a t in t h e i r 
n o n - d i a b e t i c counter p a r t s . 
1.4 .6b Immiraological d i s ease s 
Antibody r e sponses can damage basement membranes by reac t ing 
wi th antigens tha t e i t h e r a r e s t r u c t u r a l e lements of basement membrane 
or have become t r a p p e d wi th i t (V/ilson e_t_ aj_. , 1981). For e x a m p l e , 
in Goodpas ture ' s syndrome, the antigen i s p re sen t in renal and pulmonary 
basement membrane and in bu l lus pemphigoid the ant igen i s r e s t r i c t e d 
to ep idermodermal basement membrane . The au toan t ibod i e s a r e p roduced 
aga ins t these ant igens . An au toan t ibody has been loca l i zed on e p i d e r m a l 
basement membrane by imrauno e l ec t ron microscopic t echn ique ( P r o s t 
et al • , 1984). Destruct ion of basement membrane is due to an inflamma-
t o r y react ion subsequent to i n j u r y . Polymorphonuclear l eukocy tes a r e 
a t t r a c t e d to the area and s e c r e t e enzymes , such as e l a s t a s e and metal 
p r o t e a s e s , capable of degrading basement membrane components . 
1.4 .6c Renal diseases 
Various morphological changes a r e seen in the basement membrane 
of the glomeruli in n e p h r o s i s and n e p h r i t i s . These include d e p o s i t s 
of va r ious kinds of m i c r o p a r t i c l e s , s p l i t t i n g , th ickening and p r o t r u s i o n s 
of the membrane. 
In some seve re h e r e d i t a r y d i s e a s e s , such as A l p o r t ' s syndrome 
and congenital n e p h r o s i s , the ba s i c pa tho logic defect has been sugges ted 
as being at the basement membrane l e v e l . 
1 .4 .6d Other diseases 
There may be the appea rance of basement membrane components 
in the region v/here basement membrane is normal ly a b s e n t , for e x a m p l e , 
in pe r i s inuso ida l space of l i v e r . This may e x p l a i n a pa r t of functional 
d i s tu rbances a s soc ia t ed wi th l i v e r . Hahn et_ aj_. , (1979) d e s c r i b e d the 
pathologica l b iochemis t ry of l i v e r f i b r o s i s and have a lso given . impor-
tance to procollagen p e p t i d e s in serum for d iagnost ic p u r p o s e s . 
The assoc ia t ion of cancer c e l l s wi th the basement membrane 
has a t t r a c t e d cons ide rab l e a t t en t ion (Terranova et_ aj_. , 1983). Varani 
et a l . , (1983) r e p o r t e d t h a t a l ine of mouse f ibrosarcoma c e l l s , t h a t 
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d e m o n s t r a t e t h e a b i l i t y to m e t a s t a s i z e e a s i l y , a t t a c h to t y p e IV c o l l a g e n . 
L a m i n i n p l a y s an i m p o r t a n t r o l e in t h i s a t t a c h m e n t . R e c e n t l y , l a m i n i n 
h a s b e e n s l iowu to i n t e r a c t w i t h a huincm b i e a s t cain_t;i c e l l l i n e ( A l b i n i 
e ^ a]_. , 1 9 8 6 ) . 
1 . 4 . 7 BASEMENT MEMBRANE-DEGRADING ENZYMES 
L i o t t a et_ aj_. , ( 1979) found t h a t m e t a s t a t i c m u r i n e tumor c e l l s 
s e c r e t e d an e n z y m e t h a t s p e c i f i c a l l y c l e a v e d t y p e IV c o l l a g e n . T h i s 
c o l l a g e n a s e h a s b e e n c h a r a c t e r i s e d f u r t h e r , b a s e m e n t m e m b r a n e - d e g r a d i n g 
c o l l a g e n a s e f rom s e v e r a l o t h e r t r a n s f o r m e d c e l l l i n e s h a v e b e e n l a t e r 
i n v e s t i g a t e d b y many w o r k e r s (Sa lo et_ a l . , 1 9 8 3 ; S h i e l d s e\_ aj_. , 1 9 8 4 ) . 
O t h e r e n z y m e s h a v e b e e n d e s c r i b e d t h a t c l e a v e b a s e m e n t m e m b r a n e g l y c o -
s a m i o g l y c a n s (Smi th a n d B e r n f i e l d , 1 9 8 2 ) . I t h a s b e e n r e p o r t e d t h a t 
m i g r a t i n g e n d o t h e l i a l c e l l s a l s o d e g r a d e t y p e IV c o l l a g e n ( K a l e b i c £t_ 
a l . , 1 9 8 3 ) . The d e g r a d a t i o n of b a s e m e n t m e m b r a n e ( e n d o t h e l i a l ) b y h u m a n 
b r e a s t c a n c e r c e l l l i n e s h a v e b e e n r e p o r t e d r e c e n t l y (Yee and S h i u , 
1 9 8 6 ) . H i s t o l o g i c a l s t u d i e s r e v e a l e d t h e r o l e of b a s e m e n t m e m b r a n e i n 
t h e p r o c e s s of i n i t i a l i n v a s i o n in b r e a s t c a n c e r . 
1.5 MEMBRANE TOXICITY AND XENOBIOTICS 
P r i t c h a r d (1979) has s t a t ed tha t "exposed loca t ion , s t r u c t u r a l 
c o m p l e x i t y , chemical r eac t i ^ ' i t y and phys io log ica l importance of ce l l 
membrane combine to make them the pr ime targe t for xenobio t ic t o x i c i t y " . 
E a r l i e r , Rothstein (1959) has emphas ized t h r e e major po in t s 
r ega rd ing the surface membrane t o x i c i t y . 
( i ) Plasma membrane i s the outer boundary of t h e cell 
so i t is exposed to the full e x t r a c e l l u l a r concent ra t ion 
of potent ial tox ican t before the r e s t of t h e c e l l . 
( i i ) Plasma membrane may act p h y s i c a l l y and chemica l ly 
to l imit pene t r a t i on of the e x t r a c e l l u l a r compounds into 
the cel l i n t e r i o r . 
( i i i ) The chemical r e a c t i v i t y of t h e tox icant o b s e r v e d in 
v i t ro with the phys io log ica l effects _in_ v ivo can be 
co r r e l a t ed only through unders tand ing b o t h . 
Xenobiotics before reaching to the t a rge t o rgan , where t h e y 
e x e r t t he i r b i o c h e m i c a l , pharmacologica l or tox ico logica l effects a r e 
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s u p p o s e d to c r o s s v a r i o u s b a r r i e r s . T h e s e b a r r i e r s a r e c o l l e c t i v e l y -
known a s s i t e s of l o s s e s a n d t ae f i r s t b a r r i e r to c r o s s i s e i t h e r p l a s m a 
m e m b r a n e of gut ( if o r a l ) o r s k i n ( t r o p i c a l ) or lung ( i n h a l a t i o n ) o r 
b l o o d c a p p i l a r i e s ( i n t r a v e n o u s ) e t c . 
T h e t r a n s p o r t a t i o n of a b s o r b e d s u b s t a n c e s , t h r o u g h t h e b l o o d 
c i r c u l a t o r y s y s t e m or l y m p h a t i c s y s t e m i s f o l l o w e d b y t h e i r d i s t r i b u t i o n , 
s t o r a g e in t i s s u e s , m e t a b o l i s m , e l i m i n a t i o n a n d t o x i c i t y , if a n y . T h u s , 
t h e f i n a l t o x i c o l o g i c a l e f f e c t s may be d e p e n d e n t u p o n t h e b i o a v a i l a b i l i t y 
of t o x i c a n t s w h i c h i s o f c o u r s e a net r e s u l t of t h e s e p r o c e s s e s . T h e 
f i r s t s t e p for t h e b i o a v a i l a b i l i t y of s u b s t a n c e s i s t h e i r t r a n s p o r t t h r o u g h 
p l a s m a m e m b r a n e . It e i t h e r a l l o v / s t h e m to p a s s t h r o u g h o r r e s p o n s e s 
a g a i n s t t h e m b y a c t i v a t i n g r e c e p t o r s on t h e s u r f a c e w h i c h u l t i m a t e l y 
t r a n s l a t e t h e s t i m u l i i n t o b i o c h e m i c a l p r o c e s s e s . 
1 . 5 . 1 BIOLOGICAL ACTIONS OF VANADIUM 
Vanadium b e l o n g s to t h e h e a v y m e t a l g r o u p . It i s v / i d e l y d i s -
t r i b u t e d , t h e t w e n t y f i r s t most a b u n d e n t e l e m e n t in t h e E a r t h ' s c r u s t . 
V a n a d i u m o c c u r s in v a r i o u s c o n c e n t r a t i o n s in s o i l w a t e r , a i r , p l a n t s , 
a n d a n i m a l t i s s u e s . I t s p r e v a l e n c e p r o b a b l y e q u a l s to t h a t of c o p p e r , 
l e a d o r z i n c . In mammals v a n a d i u m i s found o n l y in t r a c e a m o u n t s . In 
t h e " r e f e r e n c e human" t h e t o t a l b o d y poo l of v a n a d i u m i s a p p r o x i m a t e l y 
100 ug v/ i th a d a i l y i n t a k e of 10-60 u g . T h e c h e m i s t r y of v a n a d i u m 
i s c o m p l e x b e c a u s e i t can e x i s t in o x i d a t i o n s t a t e s from - I to +5 a n d 
f o r m s p o l y m e r s f r e q u e n t l y ( C l a r k , 1 9 7 3 ) . Two v a l e n c e s t a t e s a r e r e l e v a n t : 
t h e t e t r a v a l e n t and t h e p e n t a - v a l e n t . T h e t e t r a v a l e n t s t a t e a p p e a r s mos t 
s i m p l y in a q u e o u s s o l u t i o n , a s a d i v a l e n t c a t i o n (VQ ) , v a n a d y l . I t 
i s u s u a l l y b l u e . V a n a d y l r e s e m b l e s t h e s i z e of Mg and can fo rm c o m -
p l e x w i t h EDTA, A T P , c a t e c h o l and c a t e c h o l a m i n e , a c e t o a c e t a t e , r i b o -
s i d e s , h e m o g l o b i n , a n d s e r u m t r a n s f e r r i n . V a n a d y l c a n be d e t e c t e d b y 
e l e c t r o n s p i n r e s o n a n c e s p e c t r o s c o p y ( C h a s t e e n et_ al_. , 1 9 8 6 ) . The p e n t a -
v a l e n t s t a t e i s v a n a d a t e (VO ) . I t i s u s u a l l y c o l o u r l e s s e x c e p t v/hen 
i t f o r m s a c o m p l e x w i t h i t s e l f . V a n a d a t e , l i k e v a n a d y l , a l s o f o r m s c o m -
p l e x e s w i t h o t h e r m o l e c u l e s . I t i s e a s i l y r e d u c e d b y a s c o r b a t e , g l u t a -
t h i o n e , a n d NADH a n d can b e d e t e c t e d b y NMR s p e c t r o s c o p y . In p l a s m a , 
v a n a d i u m a p p a r e n t l y e x i s t s a s m e t a v a n a d a t e (VO ) a n d in s i d e t h e c e l l s 
VO i s r e d u c e d n o n e n z y m a t i c a l l y b y g l u t a t h i o n e t o VO ( M a c a r a et_ 
a l . , 1 9 8 0 ) . E r y t h r o c y t e s t r a n s p o r t VO f rom e n v i r o n m e n t b y two m e c h a -
n i s m s , one s e n s i t i v e to a n i o n t r a n s p o r t i n h i b i t o r s a n d t h e s e c o n d one 
r e m a i n s u n i d e n t i f i e d (Heinz e t a l . , 1 9 8 2 ) . 
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Vanadium is an e s s e n t i a l element for c e r t a i n forms of l ife and 
a l so because of i t s wide Indus crial u s e , the b io log ica l ac t ions of vana -
dium a re of great impor t ance . In human, vanadium t o x i c i t y i s a lmost 
a lways assoc ia ted with i n d u s t r i a l p r o c e s s e s , whe reas in animals the 
r e p o r t e d effects of a "na tu ra l " vanadium t o x i c i t y stem from the . u s e 
of contaminated phospha t e in d i e t s for c h i c k s and laying hens (Berg , 
1963; Berg et_ a]_. , 1963). The major toxic effects of vanadium in human 
af ter i ndus t r i a l exposure a r e p r i m a r i l y i r r i t a t i o n s to the mucous membra-
nes of the e y e s , nose , t h r o a t , and r e s p i r a t o r y t r a c t . Bronch i t i s and 
b ronchospasm, a re c h a r a c t e r i s t i c symptoms , and pneumonia occas iona l ly 
deve lops (V/aters, 1977). Vanadium has been known since 1965 to i n h i b i t 
Na + K -ATPase (Rifkin , 1965). Hov/ever, the i n t e r e s t in enzymology 
of vanadium was deve loped only af ter t he d i s c o v e r y of an i n h i b i t o r 
of Na + K -ATPase in the ATP p r e p a r a t i o n s from equine muscle (Charney 
et al_. , 1975). Cantley et_ a]_. , (1977) a lso iden t i f i ed VO ' as an i n h i b i -
t o ry contaminant p resen t in ATP p r e p a r a t i o n s . It is gene ra l ly accep t ed 
tha t the main i n h i b i t o r y effects of vanadium compounds , a re on p h o s p h o -
enzyme ion - t r anspor t ATPases . The accep to r s i t e for VO in these en-
zymes appea red to be the g - c a r b o x y l group of the a s p a r t y l r e s i d u e 
at the ac t ive s i t e s . Vanadate not only i n h i b i t enzymatic a c t i v i t i e s but 
i t a lso ac t iva te ce r t a in o the r enzymes . Adenylate c y c l a s e i s s t imula ted 
s ix - fo ld by 3 mM vanada te (Nechay , 1984). An NADH-oxidizing a c t i v i t y 
of e r y t h r o c y t e plasma membrane is s t imula ted by vanadate (Vijaya et 
a l . , 1984). Ace ty l cho l ines t e r a se in hea r t and e r y t h r o c y t e s has a lso been 
shown to be a c t i v a t e d by vanada te (Catalan £t_.. a l . , 1985). Vanadate 
is v e r s a t i l e at forming complexes tha t i n h i b i t or s t imula te a c t i v i t y of 
many enzymes by spec i f i c mechanisms. The mechanism of ac t ion a n d / o r 
in te rac t ion of vanadate a r e not well unde r s tood . However, i t i s g e n e r a l l y 
cons ide red that vanada te does the same th ings as inorganic p h o s p h a t e , 
but it does them d i f f e r e n t l y . 
1 . 5 . 2 BIOLOGICAL EFFECTS OF PHOTOSENSITIZED RIBOFLAVIN 
Riboflavin (Vitamin B ) i s a common nut r ien t wi th a d a i l y r e -
quirement of a p p r o x i m a t e l y 1.8 - 3.0 mg. I t is w i d e l y d i s t r i b u t e d in 
human t i s s u e s , sk in , milk and blood in both free and conjugated form. 
It has been shown t h a t in t h e p resence of oxygen and v i s i b l e l i g h t , 
r i bo f l av in may be l e tha l to c e l l s (Webb et_ aj_. , 1967; B r a d l e y and S h a r -
k e y , 1977; Wang and Nixon, 1978). Mutagenic effects of r i b o f l a v i n h a v e 
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a l so been not iced in cu l tured c e l l s ( B r a d l e y and S h a r k e y , 1977). Upon 
e x p o s u r e to u l t r av io l e t r a d i a t i o n (320-400 nm) and to v i s i b l e f luorescent 
i i g h i , r i bo f l av in has been shown to p roduce a c t i v e oxygen s p e c i e s ( * 0 , 
and O^")- The mode of i t s pho to tox ic ac t ion has been a t t r i b u t e d to 
t h e p roduc t ion of supe rox ide anion r a d i c a l by energy t r ans fe r from p h o t o -
e x c i t e d r ibo f l av in to molecular oxygen . The s u p e r o x i d e r a d i c a l s in tu rn 
causes a l t e r a t i on of the genet ic mater ia l leading to genotoxic effects 
(Korycka-Dahl and Richardson , 1980). Pa thak and Josh i (1984a; 1984b) 
have shov/n tha t another a c t i v a t e d oxygen r a d i c a l , t he s ingle t oxygen 
( 'O ) i s p e r h a p s more ac t i ve in nuclear (DNA), cy top lasmic (P ro t e in ) 
and cel l membrane damaging r e a c t i o n s . In s k i n , combined e x p o s u r e to 
sun l igh t and photosens i t iz ing agents a r e u sua l ly manifested by e r y t h e m a , 
oedema, vasod i l a t ion and enhanced p igmenta t ion . B r i e f l y , t he t a rge t 
molecules for r ibof lav in s ens i t i z ed damage a p p e a r s to be the DNA,- RNA, 
l i p i d s , p r o t e i n s , enzymes and amino a c i d s . 
1 . 5 . 3 EFFECT OF PESTICIDES 
The pes t i c ide s commonly used have harmful effects in man, 
animals and p l a n t s . Ch lor ina ted i n s e c t i c i d e s have been shov/n to b ind 
with albumin and l ipopro te ins of blood ( Jakubowsk i and Crov/der , 1973; 
Ska l sky and Guthrie , 1978). Matsmura and Pat i l (1969) have demons t r a -
ted the s e n s i t i v i t y of synap t i c ra t b ra in Na + K -ATPase to DDT. Pandey 
et a l . , (1985) o b s e r v e d the effects of v a r i o u s p e s t i c i d e s ( including 
endosulfar.; on frog s k e l e t a l muscle sarcoleramal enzymes . They found 
t h a t Na + K -ATPase was i n h i b i t e d by p e s t i c i d e s wh i l e 5 ' - n u c l e o t i d a s e 
remained unaffected. 
1 . 5 . 4 EFFECT OF METANIL YELLOW 
Metanil ye l low, sodium or calcium sa l t of n( p -an i l i nopheny l )azo 
benzine sulfonic acid i s a n o n - p e r m i t t e d colour dye p o p u l a r l y used in 
e d i b l e s . This dye is known to b ind wi th foodstuffs (S r ivas t ava et_ a l . , 
1978). Binding of metanil yellow v/ith serum p r o t e i n s have been s t u d i e d . 
The serum pro te in i nvo lved in t h i s b inding was iden t i f i ed as a lbumin . 
A loose binding of dye wi th g lobul ins was a l so o b s e r v e d . Metanil yel low 
when admin i s t e r ed to expe r imen ta l an imals causes t o x i c i t y (Khanna et_ 
a l . , 1978). I t s effects on var ious body organs e s p e c i a l l y the sex organs 
have been r epo r t ed to be haza rdous ( Josh i et_ a l . , 1980). Metanil yellow 
may be l e tha l at h ighe r l eve l s of e x p o s u r e . It a l so affects the g a s t r i c 
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s e c r e t i o n s in r a t s (Raza et_ a_l_. , 19 78) . Effects of metanil yellow in 
many a s p e c t s of toxicology have been t e s t e d . However , no a t ten t ion 
has been pa id tov/ards i t s i n t e r a c t i o n s or binding p r o p e r t i e s to ce l lu l a r 
components , e spec i a l l y t h e sur face membranes . 
1 . 5 . 5 EFFECT OF ORGANOTIN COMPOUNDS 
Organotin compounds belong to group IV of heavy me ta l s . It 
is w i d e l y used i n d u s t r i a l chemical and e x e r t i t s t ox i c effects in man 
and an imals . The major tox ic effects a re on cen t ra l nervous sys tem p r o -
ducing c e r e b r a l oedema {Foncin and Gruner, 1979) and o x i d a t i v e p h o s p h o -
r y l a t i o n in mitochondria (Tan and Ng, 1977). Elect ron microscopic s t u d i e s 
have shown that t r i e t h y l t i n and t r i m e t h y l t i n produce i n h i b i t o r y effects 
on muscle con t r ac t i l i t y as a r e s u l t of (a) the d i s r u p t i o n of mi tochondr ia 
and d isorganiza t ion of muscle f i b e r s and (b) the dep le t ion of neuromicro-
tubules in the across of n e r v e s invading the musc les . Biological ac t ions 
of d i - and t r i a l k y l t i n compounds a r c d i f ferent (Magee et_ aj_. , 1957; 
Seinen and Penninks, 1979). Biochemical ly both c l a s s e s of compounds 
d i s t u r b mitochondrial functions a l though in a d i f ferent way . T r i a l k y l t i n 
induce an anion h y d r o x i d e exchange ac ross the mi tochondr ia l membrane 
which r e su l t s in uncoupling and swel l ing of mi tochondr ia (Seiwyn et 
al . , 1970; Ald r idge , 1977). D ia lky l t i n compounds i n t e r f e r e wi th the 
mi tochondr ia l function by i nh ib i t i ng the ox ida t ion of E^'-ketoacids (Penninks 
and Seinen, 1980). A s t u d y of the in te rac t ion of t r i e t h y l t i n with t i s sue 
and t i s sue components showed tha t i t b inds to many t i s sue f rac t ions 
and to rat haemoglobin (Rose and A l d r i d g e , 1968). T r i e t h y l t i n a lso b inds 
wi th r a t b ra in myelin and produce c e r e b r a l oedema (Lock and A l d r i d g e , 
1975). 




SCOPE AND PLAN OF INVESTIGATION 
It has been well documented and ju s t i f i ed tha b iomembranes 
a r e the main b a r r i e r s for cont ro l l ing the e n t r y of subs tances into c e l l s . 
A v a r i e t y of indus t r i a l haza rdous chemica l s and environmental po l lu t an t s 
have been found to affect many c e l l u l a r funct ions . Al te ra t ions a s s o c i a t e d 
wi th membrane s t ruc tu re and function in r e sponse to tox ican t s have been 
no t iced in many c a s e s . Owing to i n c r e a s e d i n d u s t r i a l i z a t i o n and conse-
quen t ly an increase in the number of tox ic chemica ls in env i ronment , 
i t becomes necessary to c a r r y out the tox ico log ica l screening of v a r i o u s 
chemica l s using membranes as model s y s t e m s . The p resen t s t u d y i s p r i -
mar i l y aimed to search out membrane models tha t can be u t i l i z e d for 
s tudying the toxic effect of chemica l s follov/ing the changes in s t r u c t u r a l 
and functional p r o p e r t i e s of membranes . 
In o rde r to s t u d y the s t r u c t u r a l and functional p r o p e r t i e s of 
membrane, it is important to have a pu r i f i ed and well c h a r a c t e r i z e d 
membrane p repa ra t i on . Membranes a re d i v e r s i f i e d in s t r u c t u r a l c o m p l e x i -
t i e s . Some membranes such as those found in e r y t h r o c y t e s and amoeba 
a r e s imple and easy to i so l a t e in pu r i f i ed form, whi le o t h e r s , such 
a s , those found in s k e l e t a l muscle "the sa rco lemma" , have a v e r y comp-
lex s t ruc tu re and t h e r e f o r e , a re d i f f icul t to i so l a t e them in pure form 
without any contamination. Several p r o c e d u r e s which give va ry ing degree 
of p u r i t y , have hov/ever , been d e s c r i b e d (Kono and Colowick, 1961; 
McCol les ter , 1962; Kidwai et_ a^. , 1973). Sarcolemma can be i s o l a t e d 
as evacuated muscle f i b e r segments , or "ghos t s " (Kono and Colowick , 
1961; McCollester , 1962; Zaidi et_ al_. , 1981) or i t can be i s o l a t e d as 
a ve s i cu l a r p r epa ra t i on lacking the basement membrane (Kidv/ai et_ a l . , 
1973) which i s s i tua ted ex t e rna l to the p lasma membrane and knov/n 
to p l ay var ious roles in ce l lu l a r funct ions . Most s t u d i e s a re c e n t e r e d 
on the inner enzyraatical l y a c t i v e plasma membrane of sarcolemmal comp-
l e x , v/hereas v e r y l i t t l e i s known about the s t r u c t u r e and function of 
s k e l e t a l muscle basement membrane. Th i s i s b a s i c a l l y due to the non-
a v a i l a b i l i t y of pur i f i ed basement membrane p r e p a r a t i o n . In the p r e s e n t 
s t u d y , the basement membrane from frog s k e l e t a l muscle has been i s o l a t e d 
and c h a r a c t e r i z e d . Sarcolemmal as well as basement membrane p r e p a r a -
t ions have been used as model sys tems to s t u d y the s t r u c t u r a l and func-
t ional changes in r e sponse to va r ious t o x i c a n t s . In some i n s t a n c e s , s imple 
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membrane l ike e r y t h r o c y t e membrane , which does not have any r i g i d 
frame v/ork s t ruc tu re l i k e basement membrane , has a lso been used for 
tox ico logica l eva lua t ions . A compara t i ve p ro f i l e of the two t y p e s of 
membranes have a lso been e l u c i d a t e d . 
Fur ther r e s e a r c h e s on the tox ico log ica l a s p e c t s of t h e s e mem-
brane models may p r o v i d e i n s igh t into t h e molecular mechanism of mem-
brane t o x i c i t y . As a fu r the r s cope , t he basement membrane can s a t i s f a c -
t o r i l y be employed in s tudying the chemical composi t ion , s t r u c t u r e and 
function of ske l e t a l muscle basement membrane. The p r o t e c t i v e ro le of 
basement membrane can be e x p l o r e d in sea rch ing the remedies for mem-
brane t o x i c i t y . 
CHAPTER II 
FROG SKELETAL MUSCLE BASEi"^ ENT MEMBRANE: 
AN ISOLATION AND CHARACTERIZATION STUDY 
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2.1 INTRODUCTION 
Electron microscopic s tud i e s of s k e l e t a l muscle c e l l s _iii v ivo 
r e v e a l e d tha t surface components a re a r r a n g e d in a s e r i e s of s t r u c t u r e s 
toge ther ca l l ed sarcolemma. Sarcolemma is made up of a plasma mem-
b r a n e , a f e l t - l i k e e lec t ron dense basa l lamina and an ove r ly ing r e t i c u l a r 
lamina containing collagen and r e t i c u l a r f i b r i l s embedded in an amorphous 
mat r ix (Sanes et_ aj_. , 1978; Borg and C a u l f i e l d , 1980). Basal lamina 
and r e t i c u l a r lamina toge the r cons t i tu te basement membrane (BM). Most 
s tud ie s r e l a t ed to sarcolemma a re concent ra ted on the inner enzymat ica l ly 
a c t i v e plasma membrane. Conve r se ly , v e r y l i t t l e i s known about the 
s t ruc tu re and function of ske l e t a l muscle surface components v/hich a re 
in fact the f i r s t s i t e of contact for a chemical app roach ing the c e l l . 
Technical p rob lems have impeded the c h a r a c t e r i z a t i o n of BI.I 
components p r i m a r i l y due to the d i f f i cu l t i e s in i so la t ion of BM free 
of plasma membrane and o ther ce l lu l a r components and to the fact that 
BM pro te ins a r e p o o r l y s o l u b l e . However, a n t i b o d i e s to BM components , 
v i z . , f ib ronec t in , laminin and collagen from va r ious sources have beer, 
used to locate these components in the cel l surface of ske le t a l muscle 
but none of therr. has been c h a r a c t e r i z e d (Marton and Arnason, 1982). 
It has been e s t a b l i s h e d tha t basement membranes of k idney 
cor tex and eye lens capsule a r e r ig id e x t r a c e l l u l a r matr ix composed 
of collagenous and non-collagenous g lycopro te ins and s eve ra l o the r macro-
molecules in a h igh ly organized complex s t r u c t u r e ( K e i a l i d e s , 1973). 
In genera l , BM is known to p lay s ignif icant ro l e in f i l t r a t i o n , s t r u c t u r a l 
organizat ion of t i s s u e s and c e l l - c e l l adhes ion (Grant et_ aj_. , 1981). In 
a d d i t i o n , a l t e r a t i ons of BM in many d i s e a s e s have been o b s e r v e d (Mar-
t inez-Harnandez and Amenta, 1983). 
Isolat ion of muscle cell surface membrane (sarcolemma) has been 
ach ieved by many i n v e s t i g a t o r s (Kono and Colowick , 1961; McCol les ter , 
1962; Pe t e r , 1970; Kidwai e^ a_]_. , 1973). These me thods ' invo lved d r a s t i c 
homogenization and pro longed ex t r ac t i on by s a l t s or d i f fe ren t ia l c e n t r i -
fugation on dens i ty g rad ien t which r e s u l t e d into the fragmentat ion of 
sarcolemma. Zaidi e_^  a_l_. , (1981) have i so l a t ed s k e l e t a l muscle sarcolemma 
by t rea t ing muscle f i b e r s with toluene and e x t r a c t i n g i n t r a c e l l u l a r mater ia l 
wi th l i thium bromide so lu t ion . Marton and Arnason (1982) p r e p a r e d muscle 
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c«.ll ghosts from ra t s k e l e t a l muscle by incubat ing the homogenate a t 
37°C and ex t r ac + i^s in t r ace l 1II1;=«T- mater ia l with EGTA so lu t ion . The i r 
p r e p a r a t i o n was not a pu r i f i ed basement membrane. They h a v e n e i t h e r 
mentioned any c r i t e r i a of p u r i t y nor they checked the contamination 
of plasma membrane. However , they have i so l a t ed a g lycop ro t e in from 
the so ca l led "muscle g h o s t s " which was shov/n to be a s s o c i a t e d wi th 
basement membrane. 
In the p re sen t s t u d y , successful a t t empts have been made in 
the development of a method for the i so la t ion of basement membrane 
from frog ske le t a l muscle . Using mild sonicat ion p r o c e d u r e , a good y i e ld 
of pur i f ied basement membrane was a c h i e v e d . The basement membrane 
p r e p a r e d by t h i s method has a lso been c h a r a c t e r i z e d wi th r e s p e c t to 
morphological and b iochemical c r i t e r i a . 
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2 . 2 MATERIALS AND METHODS 
2 . 2 . 1 ANIMALS AND CHEMICALS 
Young adult f rogs (Rana t i g r i n a ) of e i t h e r sex weighing 120 
to 150 g were p rocured from local s u p p l i e r s and acc l ima t i zed for seven 
days in animal house pond before u s e . 
Lithium bromide was p u r c h a s e d from Loba C o . , ( I n d i a ) . Toulene, 
s u c r o s e , CaCl , EDTA, SDS and t r i t o n X-100 were ob ta ined from B r i t i s h 
Drug House ( I n d i a ) . T r i s and a c r y l a m i d e were from SISCO Research Labo-
r a t o r y ( I n d i a ) . 4 - h y d r o x y - L - p r o l i n e , L - c y s t e i n e , D-ga lac tose , bovine 
serum albumin, N-ace ty lneuraminic ac id and t r i m e t h i o p r o p a n e v/ere from 
Sigma Chemical Co. (USA). 2 - T h i o b a r b i t u r i c ac id was ob t a ined from 
Koch-l ight Labora to r ies (Eng land) . All o the r chemica ls and reagen t s 
used v/ere of analy t ica l g rade and of h ighes t p u r i t y a v a i l a b l e . 
2 . 2 . 2 BIOCHEMICAL DETERMINATIONS 
Protein was e s t ima ted by the method of Lov/ry e_t_ aj_. , (1951) 
using bovine serum albumin as s t a n d a r d . Total hexoses were e s t i m a t e d 
by anthrone reagent method of Roe (1955) using D (+)- 'galactose as s t an -
d a r d . Membrane samples were f i r s t h y d r o l y s e d with III H SO at I00°C 
for 4 h . Hydrolysate was centr i fuged and c lea r superna tan t was t aken 
for hexose es t imat ion. One ml a l iquot of s u i t a b l y d i lu t ed sample or 
s t anda rd v/as well mixed with 5 ml of anthrone rea;-ent and kept on 
boil ing water bath for 15 min. After cooling at room t e m p e r a t u r e for 
about 20 min. the abso rbance was r ead at 620 nm. 
For the es t imat ion of s i a l i c acid content of sarcolerama and 
basement membrane, i t a p p e a r e d n e c e s s a r y f i r s t to h y d r o l y s e them in 
0.1 N H^SO, at 80°C for 1 h . N-ace ty lneuraminic a c i d was used as a 2 4 ' 
s t a n d a r d . Colour was deve loped accord ing to the method of Warren (1959) . 
Absorbance was read at 549 nm af ter ex t r ac t i ng the colour wi th an equal 
volume of cyclohexanone. 
Hydroxyprol ine was de te rmined c o l o r i m e t r i c a l l y by the method 
of Miyada and Tappel (1956) . Samples were hydrolyr jed wi th 6N HCl 
in vaccum sealed tubes at 100°C for 20 h . Hydrolyrjed samples were 
neu t ra l i zed with 6N NaOH. 4 - H y d r o x y - L - p r o l i n e was used as a s t a n d a r d . 
The colour was deve loped by p -d ime thy laminobenza l dehyde p r e p a r e d 
in p ropano l - l and i n t e n s i t y of colour was measured at 560 nm. 
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Sulfhydry l contents were es t ima ted following the method of Ellman 
(1959) . L -cys t e ine v/as used as s t a n d a r d . DTNB reagent was p r e p a r e d 
by d i s so lv ing 39.6 mg of 5 . 5 ' - d i t h i o b i s (2 -n i t robenzo ic a c i d ) "in 10 
ml of O.IM p h o s p h a t e buffer (pH 8 . 0 ) . S tandard or samples v/ere a lso 
taken in p h o s p h a t e buf fe r . The colour was deve loped by add ing 0.02 
ml of DTNB reagent in a 3.0 ml s ample . Absorbance v/as r e a d at 412 
nm against reagent b l ank . 
Total l i p i d was e x t r a c t e d by the method of Folch et_ a_l_. , (1957) . 
A mixture of chloroform and methanol (2 :1) was mixed with membrane 
p r e p a r a t i o n s to a volume so as to form a s ingle l a y e r . E x t r a c t s were 
f i l t e r e d and v/ashed t h r e e t imes with normal sa l ine in o rde r to remove 
methanol . Chloroform was evapo ra t ed on a wa te r ba th se t t ing at 65°C 
and then d i s s o l v e d in knovv^n volume of ch lo roform. 
In o rde r to quan t i t a t e p h o s p h o l i p i d conten t , Pi was e s t ima ted 
by the method of V/agner et_ aj_. , (1962). Potassium d ihydrogen o r t h o p h o s -
pha te (KH PO ) was used as a s t a n d a r d . L ip id e x t r a c t s were d iges t ed 
in the presence of 70S p e r c h l o r i c ac id (PCA) in a sand bath brought 
upto 180°C in 2 h and kept at t h i s t empe ra tu r e for 1 h . Colour reagent 
(5 .0 ml) was added to the d iges ted samples and incubated at 37''C for 
2 h . Absorbance was r e a d at 600 nn against reagent b l ank . 
Choles te ro l was es t imated by the method of Zlatkis e_^  a l . , 
(1955). S tandard cho le s t e ro l solut ion was p r e p a r e d using glac ia l ace t i c 
a c i d . Chloroform was e v a p o r a t e d from l i p i d e x t r a c t . To t h i s 3.0 ml 
of acet ic ac id and 2 ml of colour reagent was a d d e d . Absorbance was 
read at 560 nm against reagent b l ank . 
L ip id p e r o x i d a t i o n was c a r r i e d out by the t h i o b a r b i t u r i c ac id 
method of Ohkawa e_t_ a l . , (1978) using t e t r a m e t h i o p r o p a n e as an e x t e r n a l 
s t a n d a r d . All samples were suspended in 1.15% KCl. After a p p r o p r i a t e 
incubation of the samples at 37°C, colour was deve loped by keeping 
the tubes on boil ing water ba th for 1 h . Tubes were cooled and c e n t r i -
fuged and c lear superna tan t read at 532 nm. 
2 . 2 . 3 AMINO ACID ANALYSIS 
For amino ac id a n a l y s i s , samples were h y d r o l y z e d in 6N HCl 
for 24 h at 100°C in vaccum sealed t u b e s . The a n a l y s i s was c a r r i e d 
out in a LKB Amino ac id Automatic Analyzer model 4101 a f te r add ing 
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nor isoleucine as in te rna l s t a n d a r d . A s t a n d a r d mixture of amino ac id 
was run p a r a l l e l to the s amp le . 
2 . 2 . 4 SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS 
SDS-PAGE was peformed according to the p r o c e d u r e of Laemmli 
(1970) using 1.5 mm t h i c k s lab g e l s . A 9.0% a c r y l a m i d e gel was used 
for basement membrane p r o t e i n s . The upper gel or s t ack ing gel conta ined 
about 2.5% a c r y l a m i d e . Sample were p r e p a r e d by d i s so lv ing membrane 
p r o t e i n s in a 100 mM t r i s -HCl buffer (pH 7.0) containing 5 mM EDTA, 
8M urea , 1% SDS and 1% 2-mercap toe thano l . Samples may be h e a t e d for 
3-5 min in a boil ing wate r b a t h . The gels v/ere s t a ined wi th coomass ie -
b r i l l i a n t b lue . 
2 . 2 . 5 ENZYMATIC DETERMINATIONS 
Na"^  + K'^-ATPase (E .G. 3 . 6 . 1 . 3 ) and 5 ' - n u c l e o t i d a s e (E .G. 
3 . 1 . 3 . 5 ) were de termined as d e s c r i b e d by Kidwai et_ a l . , (1971a) . For 
Na + K -ATPase, the a s s a y sys tem was a mix ture of 1.0 ml containing 
100 mM KGl, 5 mM MgGl and 3 mM Na -ATP. Reaction was s t a r t e d by 
adding approximate ly . 0 . 5 -1 .0 mg membrane p r o t e i n and incubat ing at 
37°G for 30 min. Ouabain s e n s i t i v e ATPase a c t i v i t y was c a l c u l a t e d by 
taking the difference betv/een the a c t i v i t i e s in p re sence and in absence 
of 1 mM ouabain. 
The react ion mix tu re for 5 ' - n u c l e o t i d a s e contained in a total 
volume of 1.0 ml, 100 mM glycine-NaOH buffer (pri 9 . 2 ) , 5 miM MgCl 
and 5 mM Na-AMP. Reaction was s t a r t e d by adding s u i t a b l y d i l u t e d en-
zyme p repa ra t ion and incubated at 37°G for 30 min. The r eac t ion was 
te rminated by adding 1.0 ml of 10% i ce - co ld TGA. Contents were c e n t r i -
fuged and inorganic p h o s p h o r u s measured in c lear superna tan t by the 
method of Fiske and SubbaRaw (1925) . 
2 . 2 . 6 HOMO GENIZATION 
Homogeni.zation was performed in a Sorval l Omni-mixer t y p e 
of homogenizer supp l i ed by Scientronic Instrument C o . , New Delhi ( I n d i a ) . 
2 . 2 . 7 CENTRIFUGATION 
All low speed cent r i fugat ions were c a r r i e d out in co ld tubes 
and using ice cold solut ion in Remi c l in ica l centr i fuge s u p p l i e d by Remi 
Udyog, Bombay ( I n d i a ) . High speed centr i fugat ions were pe r fo rmed in 
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a r e f r i ge ra t ed centr ifuge supp l i ed by Indian Equipment Corpo ra t ion , 
M. I .D .C . Andher i , Bombay ( I n d i a ) . 
2 . 2 . 8 LIGHT MICROSCOPY 
Various p r e p a r a t i o n s were o b s e r v e d under l i g h t microscope s u p p -
l i ed by Olympus Opt i ca l s Co. L t d . , Tokyo ( J a p a n ) . A 0.11 solut ion 
of Giemsa was used for s t a i n i n g . 
2 . 2 . 9 ISOLATION OF SARCOLEMMA 
Sarcolemma was p r e p a r e d from frog s k e l e t a l muscle according 
to the p rocedure d e s c r i b e d by Zaidi et_ aj_. , (1981) . Adult frogs (Rana 
t i g r i n a ) were stunned and d e c a p i t a t e d . .Muscles from h ind l imbs were 
removed by blunt d i s s e c t i o n and kept in i ce -co ld 50 miM calcium c h l o r i d e 
(pH 7 . 0 ) . Major connec t ive t i s s u e s , n e r v e s and blood c a p i l l a r i e s were 
d i s sec t ed out. About 50 gm of muscle was minced and homogenized for 
30 sec in a Sorvall Omni-mixer at a speed se t t ing of 240. Homogenate 
was f i l t e red through a f i l t e r d e s c r i b e d e a r l i e r by Kidwai , (1978) . The 
r e s idua l t i ssue was rehomogenized , f i l t e r ed and muscle cel l fragments 
were pooled and centr i fuged at 700 g for 5 min in the co ld . The s e d i -
ment was resuspended in i c e - co ld 0.25 M suc rose (pH 7 . 0 ) . The a b s o r -
bance of the suspension was a lways ad jus ted to a f ixed reading at 600 
nm using red f i l te r in a s y s t r o n i c c o l o r i m e t e r . This vvas t r ea t ed with 
toleune (5 "o v / v ) and gent ly mixed by t i l t ing for 3 min and a l lowed 
to se t t l e in cold for 5 min. The supernatant was decanted and the cell 
suspension centrifuged at 700 g for 5 min. Sediment was suspended in 
150 ml of 0.4 M l i th ium bromide (pH 8 .4 ) . Th i s suspens ion was s t i r r e d 
at low speed in the co ld for 90 min. The mate r ia l was again centr i fuged 
at 900 g for 5 min and sediment was again suspended in l i th ium bromide 
solution and s t i r r e d for fu r the r 90 min and again cen t r i fuged . The r e s u l t -
ing sediment was r e s u s p e n d e d in l i th ium b romide so lu t ion and s t i r r e d 
f ina l ly for 120 min. Following a to ta l e x t r a c t i o n time of 5 h in l i th ium 
bromide solut ion, contents were washed th ree t imes e i t h e r with d i s t i l l e d 
water (for chemical a n a l y s i s ) or with 0.25 M suc rose solut ion (for en-
zymatic de terminat ions) and suspended in same so lu t ion . The p r e p a r a t i o n 
was subsequent ly u t i l i z e d or kep t frozen until f u r the r u s e . 
2 . 2 . 1 0 ISOLATION OF BASEMENT MEMBRANE WITH SDS 
Isola ted frog s k e l e t a l muscle sarcolemma was used for the p r e -
para t ion of basement membrane by so lub i ' i z ing plasma membrane wi th 
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SDS. The final sarcolemmal p r e p a r a t i o n was ad jus t ed to a p r o t e i n con-
-centrat ion of 5 mg/ml in 1?; SDS. Tiiit> xjaa incubated at 37"C fui 1 h 
in a water ba th with cons tant s h a k i n g . Follov/ing 1 h incuba t ion , t he 
suspension was centr i fuged at 2000 g for 10 min and the sediment w a s h e d 
t h r e e t imes with d i s t i l l e d water to ob ta in the basement membrane . At 
each s tep the p r e p a r a t i o n was monitored by examinat ion under l i gh t 
microscope . 
2 . 2 . 1 1 ISOLATION OF BASEMENT MEMBRANE WITH TRITON-SALT SOLUTION 
Young adult frogs (Rana t i g r i n a ) of e i t h e r sex were (120-150 gm) p r o c u r e d 
l o c a l l y . Frogs were s tunned and d e c a p i t a t e d . Muscles from h ind l imbs 
were removed by blunt d i s sec t ion and kept in i ce -co ld 50 mM CaCl 
(pH 7 . 0 ) . Connective t i s s u e s and ne rves were removed from musc le s . 
About 50 gm of muscle was minced thoroughly and homogenized in CaCl 
solution for 30 sec in a Sorval Orani-mixer. Homogenate was p r o c e s s e d 
in the same manner as tha t for s a r c o l e m n a . Follov/ing 1 h e x t r a c t i o n 
in LiBr solut ion, the suspens ion was centr ifuged at 900 g for 5 min. 
Supernatant was decanted and the Gedi~ent was washed t h r e e t imes 
with d i s t i l l e d water by cent r i fuga t ion . The sediment was fu r the r s u s pen -
ded in 2 M NaCl containing 10 m!.I EDTA and 0. 5 "o t r i ton x-100 (pH 7.5) 
and s t i r r e d for 1 h . Following 1 h ex t r ac t i on in t r i t o n - s a l t so lu t ion , 
the sediment was sonica ted for 5 min ir. a melting i c e - b a t h with f ive 
i n t e r r u p t i c ^ of 1 min each so tha t the local heat ing p roduced due 
to sonication was minimized. This suspension was centr i fuged at 700 
g for 5 min and the sediment was r e suspended and sonicated f ive more 
t imes using f resh t r i t o n - s a l t so lu t ion . The final sediment v/as w a s h e d 
t h r i c e with d i s t i l l e d v /a te r . This basement membrane p r e p a r a t i o n v/as 
s to red frozen until f u r the r u se . At each s t e p , the p r e p a r a t i o n was moni-
to red by examination under microscope usi.ng Giemsa s t a in . Th i s t echn ique 
a p p e a r e d to be be t t e r over o the r modif icat ions and allovi/ed to i s o l a t e 
BM d i r e c t l y from muscle homogenate. 
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2.3 RESULTS 
2 . 3 . 1 ' I S O L A T I O N A N D CHARACTERIZATION OF BM USING SDS 
To obta in the optimum concentra t ion of SDS for t h e i so l a t i on 
of BM from ske le ta l muscle sarcolemma by so lubi l iz ing plasma membrane , 
sarcolemmal p r epa ra t i ons were so lub i l i z ed in va r ious concen t ra t ions of 
SDS followed by incubat ion at 37°C for 1 h . Total p r o t e i n in the s u p e r -
natant and sediment was measured following d i a l y s i s or e x t e n s i v e washing 
of unsolubi l ized p ro te in f r ac t ion . A concentra t ion dependent i n c r e a s e 
in the so lub i l i za t ion of p ro te in was o b s e r v e d up to 1% SDS concen t ra t ion 
(Table 2 . 1 ) . No fur ther i nc rease in the p ro te in so lub i l i z a t i on was not iced 
wi th h igher concentra t ions of SDS. Simultaneously h y d r o x y p r o l i n e content 
(a c h a r a c t e r i s t i c of basement membrane) was also found to be maximum 
at l°o SDS concentra t ion. The basement membrane thus p r e p a r e d r e p r e s e n t -
ed about 10-15% (by p ro t e in ) of the total sarcolemma. 
The effect of o t h e r de te rgen t s l ike sodium deox y c h o l a t e , tween-
80 and nonidet was s t u d i e d on the so lub i l i za t ion of p ro t e in from s a r c o l e -
mma. Among them, SDS was found to so lub i l i ze maximum amounts of plasma 
membrane components a t t a c h e d to basement membrane in the s eko le t a l 
musc:e sarcolemma (Table 2.2). The ef fec t ive so lub i l i z a t i on by these 
d e t e r - e n t s was in the following o r d e r ; SDSy^ DOC > T-.veen-80_^ non ide t . 
Morphological ly basement membrane p r e p a r a t i o n s , when o b s e r v e d 
under l igh t microscope after s taining with 0.1°o Janus -g reen or Giemsa 
s t a i n , r evea led a hal low clean t u b e - l i k e t r anspa ren t s t r u c t u r e without 
any iden t i f i ab le ce l lu l a r m a t e r i a l . The plasma membrane contaminat ion 
could not be detected in BM p r e p a r a t i o n s as the p r e p a r a t i o n was devoid 
of plasma membrane marker enzymes , Na + K -ATPase and 5 - n u c l e o t i d a s e . 
L ip id pe rox ida t ion was a lso not p re sen t in BM whi l e it was p re sen t 
in sarcolemma (Table 2 . 3 ) . However, to ta l p h o s p h o l i p i d s and c h o l e s t e r o l 
contents were not as low as it should be as compared to to ta l sa rco lemma. 
Moreover , BM was r i c h in h y d r o x y p r o l i n e content re f lec t ing col lagenous 
na ture of t h i s p r e p a r a t i o n . Other cons t i tuents such as c a r b o h y d r a t e s , 
including s i a l i c acid and s u l f h y d r y l contents were a l so p r e s e n t in BM 
to a vary ing degree . 
Amino ac id a n a l y s i s of the BM i so la ted by using SDS was c a r r i e d 
out and was compared with the amino ac id composi t ion of sarcolemmal 
'i^ 
Table 2 .1 
Effects of SDS concent ra t ion on so lub i l i za t ion of p ro t e in 
from Sarcolemma and h y d r o x y p r o l i n e content 
in unso lub i l i zed f ract ion 
SDS Concentrat ion 
( l ( v / / v ) 
Percent so lub i l i za -
t ion of p ro t e in 
H y d r o x y p r o l i n e content 
in unso lub i l i zed p r o t e i n 

























Values a re mean from t h r e e s e p a r a t e e x p e r i m e n t s . 
The s t a t i s t i c a l s igni f icance was wi th in the l imi t of 10' 
f;9 : i 
Table 2 .2 
Solubi l iza t ion of p ro te in components from 
sarcolemma using different de t e rgen t s 
Detergents 
( I I , v//v) 
Percent s o l u b i l i z a t i o n 
of p ro te in components 
Sodium dodecyl sulfate i5 ± 5 .6 
Sodium deoxychola te 43 ± 3 .5 
Tween-80 31 ± 2. 
NonicGt 18 ± 2.0 
Sarcolemmal p r e p a r a t i o n (5 mg p r o t e i n / m l ) was incubated wi th 
de te rgen t s at 37°C for 1 h . 
Values r e p o r t e d are the mean ± S.E. from f ive s e p a r a t e e x p e r i m e n t s . 
c ^ * ^ 
Table 2 .3 
Biochemical composi t ion of frog s k e l e t a l muscle sarcolemma and 
basement membrane* 
Components Sarcolemma Basement membrane 
L ip id pe rox ida t ion 0.92 ± 0.06 
(n mol MDH/mg p ro te in ) 
Not d e t e c t a b l e 
P h o s p h o l i p i d s 
(^ Lig/mg pro te in! 
75 .00 ± 4 .22 15.30 ± 1.31 
Choles te ro l 
(pg/iT.g p ro te in ) 
18.00 ± 1.15 0.20 ± 0.01 
Hoxoses 
(;jg/ng pro te in! 
17.30 ± 1.29 2 3 . 3 0 ± 2 . 2 0 
Sial ic acid 
(n mol/mg pro te in ) 
44 ± 0 .36 5. 40 ± 0 .44 
Tota l G u l f h y d r y l : 
(>ig, '-g p r o t e i n ) 
4 .83 ± 0 . 3 1 0.75 ± 0 .07 
Hydroxypro l ine 
(_;ig/ng pro te in ) 
3.88 ± 0.31 20.00 ± 1.92 
*Basement membrane was p r e p a r e d from sarcolemma by so lub i l iz ing plasma 
membrane with 1% SDS at 37°C for 1 h . 
Values are mean ± S.D. from five expe r imen t s on s e p a r a t e p r e p a r a t i o n s . 
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Table 2 .4 
Amino acid composit ion of frog s k e l e t a l muscle sarcolemma and 
basement membrane* 
Amino Acids Residues/1000 r e s i d u e s of amino a c i d s 
Sarcolemma Basement membrane 
Aspar t ic ac id 97.0 104.0 
Threonine 49.0 65.3 
Serine 56.0 66.6 
Glutamic ac id 118.0 117.3 
Prol ine 51.4 76.4 
Glycine 69.6 83.4 
Alanine 85.7 76.5 
Half-cyste ine 4.0 0.8 
Valine 55.0 ' 65.0 
Methionine 2 0.0 16.6 
Isoleucme 50.8 50.7 
Leucir.e 81.1 6 8.3 
Tyrosine 24.8 29.3 
Phenylalanine 38.6 33.0 
His t id ine 17.2 19.7 
Lysine 59.3 38.9 
Arginine 44.2 47.2 
•Basement membrane v/as p r e p a r e d from sarcolemma by so lub i l i z ing p lasm-
membrane with I I SDS at 37°C for 1 h . 
p r e p a r a t i o n . Glycine content , a c h a r a c t e r i s t i c amino ac id of BM v/as 
h ighe r in BM as compared to sarcolemma (Table 2 . 4 ) . Hal tcys te ine r e s i -
dues were r e l a t i v e l y low in BM. 
2 . 3 . 2 ISOLATION OF BM WITH TRITON-SALT SOLUTION AND ITS CHARAC-
TERIZATION 
The present i so la t ion method of BM from frog ske l e t a l muscle 
was based on the fact tha t muscle ce l l s or f i b e r s become pe rmeab l e 
to charged ions and la rge molecules by using toluene; and c e l l u l a r ma-
t e r i a l was removed by LiBr e x t r a c t i o n . I n i t i a l l y , the homogenate conta in-
ing nusc le cel l segments were s t a ined da rk due to the p resence of i n t r a -
ce l lu la r mater ia l ( F i g . 2 . 1 A ) . When the homogenate was t r e a t e d wi th 
toluene and e x t r a c t e d with L iBr , the i n t r a c e l l u l a r mater ia l e x p e i l e d out 
from the broken ends as well as from the minute pores c r ea t ed by toluene 
on the surface of the ce l l s ( F i g . 2 . I B ) . This sarcolemmal p r e p a r a t i o n 
retair .ed the a c t i v i t i e s of plasma membrane marker enzymes (Na + K -
ATPase, and 5-nucleot idase ) . The ex te rna l f i b r i l l a r l aye r and the i n t e r -
nal piasma membrane were d i s soc i a t ed from the basement membrane dur ing 
treatment with t r i t o n - s a l t solut ion resu l t ing in a clean empty t u b e - l i k e 
s t ruc tu re ( F i g . 2 . 1 C ) . F u r t h e r , sonicat ion s tep in presence of t r i t o n - s a i t 
solution was c a r r i e d out to remove any contamination of plasma membrane 
and outer f i b r i l l a r l aye r as w e l l . Som.e small dents were v i s i b l e on 
the r ig id basement membrane ( F i g . 2 . I D ) . However, in our opin ion the 
bas ic s t ruc tu re of BM remains unaffected as evident by the i n t e g r i t y 
of i t s cons t i tuen t s . 
The BM p r e p a r e d by the above method was devoid of any e n z y -
matic a c t i v i t y a t t r i b u t e d to plasma mem.brane. We have a lso d e t e r m i n e d 
total p h o s p h o l i p i d s and c h o l e s t e r o l contents in o rde r to check t h e p lasma 
membrane contamination at each s tep during our i so la t ion p r o c e d u r e . 
The s tep which involved the e x t r a c t i o n with t r i t o n - s a l t so lu t ion , r e d u c e d 
the l i p i d contents d r a s t i c a l l y in basement membrane p r e p a r a t i o n ( T a b l e 
2 . 5 ) . F u r t h e r , sonication was a l so found to be important for the min imi -
zation of l i p i d s in BM p r e p a r a t i o n . Frog ske le t a l muscle BM i s o l a t e d 
by the p resen t technique showed insignif icant amiounts of p h o s p h o l i p i d s 
and cho les te ro l contents as compared to homogenate. We have a l so e s t i m a -
ted l i p i d contents in sarcolemmal and basement membrane p r e p a r a t i o n s 
i so la t ed by modified t e c h n i q u e s . The "muscle ghos t s" p r e p a r e d b y t h e 
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F i g . 2 . 1 : Light microscopic examinat ion of frog s k e l e t a l muscle ce l l 
segments dur ing i so l a t ion of basement membrane . 
A. A s ingle cel l segment after homogenizat ion (Giemsa s t a in 
X 290) . B. Cell segments after toluene t r ea tment and LiBr 
ex t r ac t i on showing the expuls ion of i n t r a c e l l u l a r ma te r i a l 
(Giemsa x 290 ) . C. Ceil segments showing empty t u b e - l i k e 
s t r u c t u r e s a f t e r e x t r a c t i o n wi th t r i t o n - s a l t so lu t ion (Giemsa 
X 186), D. Single empty basement membrane segment showing 
small dents on the surface as a r e s u l t of sonica t ion in p r e -
sence of t r i t o n - s a l t so lut ion (Giemsa x 460) . 
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Table 2 .5 
P h o s p h o l i p i d and c h o l e s t e r o l composi t ion at d i f ferent s t a g e s 
of i so la t ion of frog s k e l e t a l muscle basement membrane 
Total phospho- Total c h o l e s - C h o l e s t e r o l : 
Frac t ion l i p i d {mg/gm terq l (mg/gm p h o s p h o l i p i d 
t i s s u e ) t i s s u e ) r a t i o 
Homogenate 2.65 ± 0.22 0.59 ± 0.03 0.22 
Toluene t r e a t e d 2 .27 ± 0.17 0.41 ± 0.03 0.18 
LiBr ex t r ac t i on 1.51 ± 0.11 0.30 ± 0.02 0.20 
Tr i ton X-100 0.38 ± 0.02 0.074 ± 0.004 0.19 
t r e a t e d 
Base.T.ent membrane 0.13 ± 0.01 0.020 ± 0.001 0.15 
Values a re mean ± S.D. from t h r e e s e p a r a t e e x p e r i m e n t s . 
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methcd of Marton and Arnason (1982) contained lov/er amount of p h o s p h o -
l i p i d s as compared to sarcolemma (Table 2 .6) but i t can not r e p r e s e n t 
a pu r i f i ed basement membrane p r e p a r a t i o n due to tha t i t s t i l l con ta ined 
much more p h o s p h o l i p i d s as compared to BM p r e p a r e d b y any of t h e 
modified p r o c e d u r e s . The BM p r e p a r e d by the use of t r i t o n - s a l t so lu t ion 
showed lower content of p h o s p h o l i p i d s as compared to BM o b t a i n e d by 
the so lub i l i za t ion of p lasma membrane with SDS. When t r i t o n x -100 t r e a -
ted BM was fur ther son ica t ed in p resence of 3M NaTCA (a c h a o t r o p i c 
agent ) for 1 min, it s t i l l r educed the p h o s p h o l i p i d contents in t h e final 
BM p r e p a r a t i o n . The change of pH of the c h a o t r o p i c so lu t ion d i d not 
a p p r e c i a b l y effected t h e s o l u b i l i z a t i o n of remaining BM l i p i d s ( T a b l e 
2 . 7 ) . When the sarcolemma v/as sonica ted wi th o the r d e t e r g e n t s v i z . 
SDS, DOC, tween-80 and nonidet to p r e p a r e BM, the t ubu l a r s t r u c t u r e 
of sarcolemma was d i s r u p t e d . Th i s may be due to the d r a s t i c ef fects 
of de te rgents upon son ica t ion . DOC also forms lumps of the sa rco lemmal 
mater ia l during sonica t ion . Although the major emphas i s was g iven to 
minimize the l i p i d content but a r e s idua l l i p i d was a lways left in t h e 
final BM p r e p a r a t i o n . 
The BM p r e p a r e d by the above method was devoid of any enzy -
matic a c t i v i t y a t t r i b u t e d to plasma membrane. Total hexoses , s u l f h y d r y l , 
and hydrox vproUne contents were high v/hile s i a l i c a c i d , p h o s p h o l i p i d 
and choles te ro l contents were low in 3M as compared to sarcolemma 
(Table 2 . 8 ) . The h i g h e r va lues of h ydrox ypro l ine and c a r b o h y d r a t e 
contents ref lec ted the p r e s e n c e of collagenous g lycop ro t e in s in BM. Con-
comi tan t ly , s i a l i ac ac id and l i p i d contents (cons t i tuen t s of p lasma mem-
b r a n e ) , were a lso v e r y low suggest ing the p u r i t y of BM. 
The amino ac id composi t ion of BM i s o l a t e d wi th the he lp of 
t r i t o n - s a l t solution has been a n a l y s e d and compared wi th t h e amino a c i d 
composi t ion of sarcolemma. V/e o b s e r v e d pronounced d i f fe rences in t h e 
p ropo r t i ons of p ro l ine and OH-prol ine contents in sarcolemma and BM. 
High content of the nonpolar amino ac id g l y c i n e , a c h a r a c t e r i s t i c of 
BM was also present in frog s k e l e t a l muscle BM (Table 2 . 9 ) . The d i f f e r -
ences in contents of few o the r amino ac id s between sa r ro lemma and BM 
were also p r e s e n t . Significant d i f fe rences were noticed in t h e chemica l 
composi t ions of the BM p r e p a r a t i o n s i so l a t ed from SDS and t r i t o n - s a l t 
so lu t ion . 
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Table 2 .6 
Phospho l ip id content of sarcolemmal and basement membrane 
p r e p a r a t i o n s ob ta ined by va r ious modif icat ions 









6 . 9 
3 . 0 
4 6 . 3 
5 . 0 
*Values are mean from t h r e e s e p a r a t e e x p e r i m e n t s . The s t a t i s t i c a l s i g n i -
ficance was v/ithin the l imi t of 10%. 
As p r e p a r e d by so lub i l i za t i on of plasma membrane from sarcolerrma 
with lo SDS at 37°C for 1 h . 
After sonicat ion of sarcolemma wi th t r i t o n - s a l t so lut ion for mm. 
c b 
After sonication of basement membrane with 3M NaTCA for 1 min. 
Muscle ghosts were p r e p a r e d by e x t r a c t i o n wi th 0 .01 raM EGTA-buffer 
(pH 7.8) as d e s c r i b e d by Marton and Arnason (1982) . 
e d 
After sonicat ion of muscle ghos t s wi th t r i t o n - s a l t solut ion for 30 min. 
RO 
Table 2 .7 
Effect of pH of NaTCA on the removal of r e s i d u a l l i p i d 
from basement membrane 
pH jig p h o s p h o l i p i d in 
to ta l p r e p a r a t i o n 
7.0 4 8 . 5 
8.5 53.1 
Basement membrane was p r e p a r e d by sonicat ion of s a r co l enma in a solut ion 
containing 2M NaCl , 10 miM EDTA and O.S'o t r i t on X-100 for 30 min. The 
whole p repa ra t i on was d e v i d e d into two equal p a r t s and then son ica ted 
wi th NaTCA for 1 min. Values r e p o r t e d a re the mean from t h r e e s e p a r a t e 
e x p e r i m e n t s . 
fi1 
Table 2 . 8 
Biochemical composi t ion of frog s k e l e t a l muscle sarcolemma 
and basement membrane* 
Components Sarcolemma Basement membrane 
Hexoses 17.30 ± 1.29 35.00 ± 2 .41 
(;Lig/mg pro te in ) 
Sia l ic ac id 8.44 ± 0.36 1.72 ± 0.07 
(n moles/mg p r o t e i n ) 
P h o s p h o l i p i d s 75.00 ± 4.22 6.84 ± 0.37 
(;ig/mg pro te in ) 
Choles te ro l 18.00 ± 1.15 0.21 ± 0.01 
(;ig/mg pro te in ) 
Total s u l f h y d r y l s 4.83 ± 0.31 8.69 ± 0.76 
(pg/mg pro te in ) 
Hydroxypro l ine 3,88 ± 0 .31 6.39 ± 0.52 
{fig/mg p ro te in ) 
*Basement membrane was p r e p a r e d by e x t r a c t i o n wi th t r i t o n - s a l t so lu t ion 
and then sonica ted in the same medium. 
Values r e p o r t e d a r e mean ± S.D. from f ive s e p a r a t e e x p e r i m e n t s . 
fi' 
Table 2 .9 
Amino ac id composi t ion of frog s k e l e t a l muscle sarcolemma and 
basement membrane* (Res idues /1000 r e s i d u e s of amino a c i d s ) 
Amino ac ids Sarcolemma Basement membrane 










































2 9 . 2 
7.5 
4 0 . 9 
8 7 . 6 
1 7 . 6 
3 0 . 0 
2 7 . 0 
5 1 . 1 
6 0 . 3 
•Basement membrane was p r e p a r e d by e x t r a c t i o n wi th t r i t o n - s a l t so lu t ion 
and then sonica ted in the same medium. 
fi? 
S D S - P A G E r e su l t s r e v e a l e d t h a t frog s k e l e t a l muscle basement 
membrane i so l a t ed by t r i t o n - s a l t solut ion cons i s t ed of 20-22 p o l y p e p t i d e s 
ranging in molecular v/eight from 18,000-400,000 dal ton ( F i g . 2 . 2 ) . 




In o r d e r to s t u d y the c h e m i s t r y , s t r u c t u r e , function and immuno-
logical p r o p e r t i e s of basement membrane , i t i s of p r ime impor tance to 
have a pur i f ied p r e p a r a t i o n wi th in tac t i n t e g r i t y . I so la t ion and c h a r a c -
t e r i z a t i on of muscle basement membrane along v/ith i t s components has 
not been a t t empted in d e t a i l . F u r t h e r m o r e , t h e r e has not been any o r g a -
nized s tudy conducted on the i so l a t ion and c h a r a c t e r i z a t i o n of s k e l e t a l 
muscle basement membrane so f a r . 
Many p rocedures a re a v a i l a b l e for t h e p r e p a r a t i o n of s k e l e t a l 
muscle sarcolemma. These methods invo lved the ex t r ac t i on of c o n t r a c t i l e 
p ro te ins v/ith sa l t so lu t ions l ike NaCl , K3r , L i 3 r , e t c . Rosenthal et 
al • , (1965) incubated the muscle homogenate in sa l t solut ion at 37°C 
for the i so la t ion of sarcolemma. Marton and Arnason (1982) i s o l a t e d 
the "muscle ghos ts" from ra t s k e l e t a l muscle by v/ashing and incubat ing 
the homogenate at 37°C with sa l t solut ion and then emptying the muscle 
f i b e r s with EGTA solut ion at room t e m p e r a t u r e . Zaidi e_^  aj_. , (1981) 
p r e p a r e d sarcolemma from frog ske l e t a l muscle by t rea t ing the homogenate 
v/ith toluene and ex t r ac t ing the i n t r a c e l l u l a r mater ia l v/ith LiBr so lu t ion 
at 0-4°C. They have a l so e s t a b l i s h e d , on t h e b a s i s of morphologica l 
and chemical c h a r a c t e r i z a t i o n , tha t the p r e p a r a t i o n v/as free from i n t r a -
ce l lu l a r mater ia l and it was su i t ab l e for enzymat ic s t u d i e s . 
The present p r e l i m i n a r y s t u d i e s , v/ere c a r r i e d out v/ith s a r c o -
lemmal p r e p a r a t i o n s for the i so la t ion of basement membrane using SDS 
for complete so lub i l i za t ion of plasma membrane. I so la ted sarcolemma 
v/as intact and re ta ined the a c t i v i t i e s of plasma membrane marker enzymes 
(Na + K -ATPase and 5 - n u c l e o t i d a s e ) . Th i s method a l so avo ided h a r s h e r 
mechanical means and d r a s t i c t r ea tmen t s v/ith some enzymes li'. e DNAase, 
RNAase and p ro t ea se s to remove i n t r a c e l l u l a r m a t e r i a l s . Ti.e d r a s t i c 
t rea tments may a l t e r t he u l t r a s t r u c t u r e of BM and subsequent c h a r a c t e r i -
zation of the components may not be e n t i r e l y v a l i d . The BM p r e p a r e d 
by the above method was devoid of any enzymatic a c t i v i t y a t t r i b u t e d 
to plasma membrane. The ex t e rna l f i b r i l l a r l a y e r v/as a l so d i s s o c i a t e d 
from the BM follov/ing SDS t rea tment r e su l t i ng into a clean c y l i n d r i c a l 
t r anspa ren t s t r u c t u r e . It has been c la imed by V/allach (1972) that ionic 
de te rgen ts l ike SDS s o l u b i l i z e the membranes in a d i f ferent v/ay as 
compared to non-ionic de t e rgen t s l i ke t r i t o n X-100. It i s l i k e l y tha t 
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SDS so lub i l i zes more l i p o p r o t e i n complexes than t r i t o n X-100. Th i s e x -
p l a in s why basement membrane p r e p a r e d wi th SDS r e p r e s e n t e d only about 
10-15% of Lhc total sarcolemmai p r o t e i n . 
Since t h e r e a re no a c c e p t e d marke r s to check the p u r i t y of 
BM, l i p i d content as a nega t ive marker were monitored for t h e absence 
of plasma membrane during t h e i so l a t ion of BM. In an a t t empt to p r e p a r e 
t h e BM free of l i p i d s , v a r i o u s d e t e r g e n t s , s a l t s , metal c h e l a t o r s and 
chao t rops v/ere t r i e d for the comple te removal of p lasma membrane a t t a -
ched to BM. In add i t ion to mild ex t r ac t i on in p r e sence of above chemi -
c a l s , cont ro l led sonic v i b r a t i o n s were also used as added mechanical 
tool to remove any plasma membrane component left in BM. However, 
r e s i d u a l l ip id in ve ry small quan t i ty v/as a lways lef t in the f inal p r e -
p a r a t i o n s . The presence of l i p i d content in BM can not t o t a l l y be ignored . 
There a re r e p o r t s a v a i l a b l e in l i t e r a t u r e which c l e a r l y i n d i c a t e the 
p re sence of l i p id in BM (Kibel et a l . , 1976). The h ighe r r e p o r t e d va lues 
of l i p i d s obse rved in some BM p r e p a r a t i o n s could be due to t h e contami-
nation of plasma membrane in t h e i r p r e p a r a t i o n s . It could a l so be p o s s i -
ble tha t at p laces the a t t achment of plasma membrane wi th Bt.l is through 
a s trong l i p id l inkage . While the plasma membrane is comple te ly d i s s o -
c ia ted during the i so la t ion of BM, a small por t ion of l i p i d remains a t t a c h -
ed with the basement membrane. 
In car ry ing out such a s tudy on the BM i so la t ion t e c h n i q u e s , 
we ::ave cone up with a general method for the i so l a t ion of BM from 
s k e l e t a l muscles. This method a p p e a r s to be su i t ab l e and can be con t ro -
l l ed according to degree of p u r i t y of the BM p r e p a r a t i o n r e q u i r e d 
for var ious s t u d i e s . The most s u i t a b l e method is the one which invo lved 
in i t i a l ex t r ac t ion of toluene t r e a t e d muscle cel l segments v/ith LiBr in 
t h e cold followed by e x t r a c t i o n with t r i t o n - s a l t solut ion a n d , if h igh 
degree of p u r i t y of the BM i s r e q u i r e d , t he sonicat ion s t e p can be 
a d d e d . 
The advantage of t h i s method l i e s in the fact t ha t t h e BM was 
i so l a t ed from muscle sarcolemma which cons i s ted of only plasma membrane 
and basement membrane. Removal of plasma' membrane was a c h i e v e d by 
d e t e r g e n t s . The p r e p a r a t i o n ob ta ined at t h i s s tage can be used for c h e -
mical composit ion s t u d i e s . In o r d e r to get h i g h l y pu r i f i ed BM, one a d d i -
t ional sonication s tep in the p re sence of t r i t o n - s a l t solut ion was c a r r i e d 
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out . This s tep remo^-ed any p o s s i b l e contamination of plasma membrane 
and the outer f i b r i l l a r l aye r as w e l l . The i so la t ion p r o c e d u r e of BM 
by the use of t r i t o n - s a l t so lut ion i s not only s u p e r i o r over the i s o l a t i o n 
method of BM which i nvo lved the use of SDS, from the point of v iew 
t h a t i t p roduces an in tac t and more pu r i f i ed p r e p a r a t i o n but a l so from 
the point of view of i t s b iochemical composi t ion . B iochemica l ly , BM 
a r e genera l ly thought to be composed of collagenous and non-col lagenous 
g lycopro te ins (Kefa l ides , 1973). Total hexoses and h y d r o x y p r o l i n e con-
t en t s were high in BM ref lec t ing the p re sence of collagenous g l y c o p r o t e i n s . 
The content of h y d r o x y p r o l i n e was not as high as found in i n t e r s t i t i a l 
or pur i f i ed collagen p o s s i b l y due to the fact t ha t be s ide s col lagenous 
t h e r e may be non collagenous p ro te in p re sen t in BM. As e x p e c t e d , t he 
s i a l i c acid contents v/ere v e r y low in BM p r e p a r e d by t h i s me thod . 
Sia l ic ac ids a r e mainly found in plasma membrane but i t s p re sence has 
been shown in BM from o the r sources ( S p i r o , 1967). In a d d i t i o n , t h e 
o v e r a l l y ie ld of BM was many t imes be t t e r wi th t r i t o n - s a l t p r o c e d u r e 
as compared to the SDS p r o c e d u r e . It is no t i ceab le that t h i s p r e p a r a t i o n 
contained h igher amounts of s u l f h y d r y l groups as compared to sa rco lemma. 
Th is can be exp la ined on the b a s i s of the molecular o rganiza t ion of 
collagen molecules in BM m a t r i x . The macromolecular model of t y p e IV 
collagen organiza t ion , based on chemical a n a l y s i s and e lec t ron mic roscop ic 
r o t a t o r y shadov/ing t echn iques (Kuhn et_ a_l_. ,19 81, Tlrnul ,et . ai .,1982 ) r e v e a l e d 
tha t in the insoluble mat r ix four monomer col lagen molecules a r e l i nked 
toge ther at t h e i r amino terminus ends by d i su l f ide bonds and o t h e r s 
c ro s s l ink forming an e x t r e m e l y s t rong s t r u c t u r e known as 7S domain 
of collagen molecules (R i s t e l i et_ a]_. , 1980; Madri et_ al_. , 1983). 
The amino ac id composi t ion of BM from a v a r i e t y of t i s s u e s 
and s p e c i e s , o ther than frog s k e l e t a l muscle BM, has been examined 
by seve ra l i nves t i ga to r s (Kefa t ides , 1973; Kefa l ides , 1971). In the p r e -
sent s t u d y , pronounced di f ferences in the p r o p o r t i o n s oi p r o l i n e and 
OH-prol ine contents in sarcolemma and BM were o b s e r v e d . Pro l ine /OH-
pro l ine a re known to a l t e r p ro te in conformation d r a s t i c a l l y (Rosenberg 
and Guidot t i , 1968) and collagen which i s r i c h in OH-prol ine is a pa : t i -
cu lar e x p r e s s i o n of t h i s phenomenon. A h i g h e r content of the amino 
ac id g lyc ine , another c h a r a c t e r i s t i c of BM was a l so ev iden t in frog 
s k e l e t a l muscle BM. Hov/ever, t h e r e were v a r i a t i o n s in the contents 
of many amino ac ids p r e s e n t in the BM p r e p a r e d by the tv/o me thods . 
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The amino acid composil ion of the BM obta ined by the use of t r i t o n -
sa l t solution appea red to be more c lose r ?<nd in gnoH aa-roement v/i th 
the amino acid composi t ion of the BM obta ined from v a r i o u s sou rces 
(Kefa l ides , 1978). Different membranes may have s imi l a r amino a c i d 
composi t ion , yet d i s t inc t d i f fe rences between t h e r a t i o s of v a r i o u s amino 
a c i d s may point to some profound s t r u c t u r a l f ea tu res of frog s k e l e t a l 
muscle BM. 
Analysis of frog s k e l e t a l muscle BM p r o t e i n s on SDS-PAGE r e v e a l -
ed the presence of 20-22 p o l y p e p t i d e bands which was in agreement 
v/ith the molecular weight range of BM pro te ins ana lyzed from s e v e r a l 
o the r sources . A major g lycop ro t e in wi th an a p p a r e n t molecular we igh t 
of 130,000 dalton from r a t s k e l e t a l muscle c e l l , which a p p e a r e d to be 
a s soc i a t ed with BM, has been i so l a t ed and c h a r a c t e r i z e d (Marton and 
Arnason, 1982). The iden t i f i ca t i on and c h a r a c t e r i z a t i o n of BM g l y c o p r o -
te ins and other p o l y p e p t i d e s from frog ske l e t a l muscle basement membrane 
and t h e i r pos s ib l e ro l e in the muscle ceil functions toge the r make a 
new dimension for future r e s e a r c h e s in unders tand ing the molecular s t r u c -
tu ra l organizat ion and the impor tance of B!.I in muscles . The p r e s e n c e 
of small amount of l i p o p r o t e i n in the BM e i t he r as a s t r u c t u r a l component 
or as contamination of p lasma membrane is s t i l l a matter of d e b a t e . 
The s t ruc tura l configuration of t h i s l i p i d is yet to be defined and c h a -
r a c t e r i z e d . 
CHAPTER III 
EFFECT OF VANADATE ON FROG SKELETAL 
I'lUSCLE SARCOLEMMAL ENZYMES: 
ENZYME KINETIC ELUCIDATION 
no 
3 . 1 INTRODUCTION . 
I n h i b i t o r s can be used as tools to i n v e s t i g a t e and e luc ida t e the 
s t r u c t u r e , function and molecular mechanism of ac t ion of enzymes . While 
t h e r e a r e many r e p o r t s which d e s c r i b e the i n h i b i t i o n of membrane bound 
ATPases and o ther enzymes by v a n a d a t e , the d e t a i l e d s tud i e s on i nh ib i t i on 
k i n e t i c s of these enzymes a re not a v a i l a b l e in s k e l e t a l muscle sarcolemraa. 
Sarcolemmal p r epa ra t i on offers good model for s tudying the behav iour 
of membrane bound enzymes. One obvious advantage of using sarcolemma 
in s t ead of ves icu la r plasma membrane p r e p a r a t i o n i s tha t the sarcolemma 
r e p r e s e n t s a t u b e - l i k e s t r u c t u r e containing plasma membrane and an o v e r -
lying r i g i d s t r u c t u r e of basement membrane which may have a p r o t e c t i v e 
ro le to the inner enz ymat ica l ly ac t i ve l a y e r . Moreover , the i so la t ion 
p r o c e d u r e of sarcolemma is milder wh ich does not cause any a l t e r a t i o n s 
in the or ien ta t ion of membranes and t h e r e f o r e , the s tud i e s on i nh ib i t i on 
k ine t i c s of sarcolemmal enzymes might be b e t t e r r e p r e s e n t a t i v e to the 
na t ive environment of the enzymes in ex i s t i ng in _in^  v i v o . In con t r a s t , 
the ves icu la r membranes a r e obta ined as a r e s u l t of d r a s t i c homogenization 
and sepa ra t ion of v e s i c l e s of d i f ferent d e n s i t i e s on dens i ty g r ad i en t . 
Such ves i c l e s r ep re sen t the populat ion of membrane cons t i tuents of s imi la r 
dens i t i e s which may have different o r i g in . The o r i en t a t i on of the ve s i c l e s 
may a lso be ins ide out , r igh t s ide out , s ea l ed and leaky which may 
not cor respond to the nat ive p r o p e r t i e s of the membrane cons t i t uen t s . 
Vanadium belongs to h e a v y metals g roup . It i s an essen t i a l e l e -
ment for ce r t a in forms of life and has wide i n d u s t r i a l u se . The biological 
ac t ions of vanadium a r e of i n t e r e s t as the a s soc i a t i on of vanadium wi th 
muscles have been well documented (Nechay , 1984) . Vanadium e x i s t s 
in ox ida t ion s t a t e s from -1 to +5. The main s t a t e s a r e the t e t r a v a l e n t , 
the vanadyl {VO ) and pen tava l en t , t h e vanada te (VO ). Vanadate is 
a potent i nh ib i t o r of Na + K -ATPase . It a l so i n h i b i t s Ca. -ATPase 
and o ther ATPases (Cant ley e^ al_. , 1977; O'Neal et_ al_. , 1979). Bes ides 
t h e s e p r o p e r t i e s , i t i s a l so a r egu la to r of Na -pump (Cant ley e_t_ a l . , 
1978). 
Ca + Mg -ATPase is a lso i n h i b i t e d by VC . The s tud ies have 
been c a r r i e d out mainly on enzymes from s a r c o p l a s m i c re t iculum of mamma-
l ian ske l e t a l muscle and hea r t as well a s human e r y t h r o c y t e membrane. 
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The red cell Ca + Mg -ATPase is s e v e r a l t imes more r e s i s t a n t 
to vanada te than Na + K -ATPase (Bond and Hudgins, 1980), Ca^^ + 
Mg .-ATPase of sa rcoplasmic re t i cu lum r e q u i r e s at l eas t 10 t imes h i g h e r 
concentra t ion of VO for 501 i n h i b i t i o n than tha t of e r y t h r o c y t e s . Vana-
da te i s known to induce conformational changes in phosphoenzyme ion 
t r anspo r t i ng ATPases and the formation of two-dimensional c r y s t a l l i n e 
a r r a y s of Ca -ATPase molecules in s a r cop l a smic re t iculum membrane 
v e s i c l e (Dux and Martonosi , 1983). In e r y t h r o c y t e g h o s t s , i n t r a c e l l u l a r 
VO (5 X 10 M) i n h i b i t s a c t i ve Ca eff lux. This i nh ib i t i on is p rompted 
by i n t r ace l l u l a r Mg and K and i s antagonized by e x t r a c e l l u l a r Ca 
(Rossi et_ aj_. , 1981). The s e n s i t i v i t y of Ca -pump to VO in v e s i c l e s 
made of pur i f i ed red ce l l Ca + Mg -ATPase i s s imi la r to tha t o b s e r -
ved in e r y t h r o c y t e ghosts (Niggli e^ aj_. , 1981). The Ca + Mg -ATPase 
of dog hea r t sarcolemma is about as s e n s i t i v e to VO_ (Ki = 0.5 ^im) 
as the Na + K -ATPase . This h igh VO s e n s i t i v i t y has been used ' 
to d i s t ingu i sh the Ca -ATPase a c t i v i t y of sarcolemmal v e s i c l e s from 
that of the contaminating sa rcop lasmic re t icu lum v e s i c l e s in h e a r t mic ro -
somal f r ac t i ons . The sarcolemmal enzyme could be r e spons ib l e for e j e c t -
ing Ca during res t ing condi t ions when i t s i n t r a c e l l u l a r concent ra t ion 
is v e r y low (Caroni and Carafoli , 1981). In the in tes t ina l smooth muscle, 
two Ca - t r a n s p o r t a c t i v i t i e s were r e p o r t e d to r e semble with the s a r c o -
plasmic re t iculum and sarcolemmal Ca -pumps and were d i f f e r en t i a t ed 
by s e n s i t i v i t y to VO^ ^ (V/ibo et_ a_l_. , 1981). 
The effects of vanadate a r e mainly s tud i ed on the plasma mem-
brane ATPases or few o ther enzymes of the membranes of s u b c e l l u l a r 
o r g a n e l l e s , for example , the s a r cop l a smic r e t i cu lum. However, t he ef fects 
of vanadate on the a c t i v i t y of o the r sarcolemmal enzymes have not been 
i n v e s t i g a t e d . The present s tudy i s p r i m a r i l y aimed to i nves t i ga t e t h e 
de t a i l ed inh ib i t i on k ine t i cs on frog s k e l e t a l muscle sarcolemmal enzymes 
using vanadate as i n h i b i t o r . The data ob ta ined have been ana lyzed for 
access ing the t y p e of i n h i b i t i o n and the p o s s i b l e mechanism of ac t ion 
of vanadate on sarcolemmal enzymes . 
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3 . 2 MATERIALS AND METHODS 
3 . 2 . 1 CHEMICALS 
Ammonium metavanadate was p u r c h a s e d from E, Merck, I n d i a . 
Na -ATP and ace ty lcho l ine c h l o r i d e from V. P. Ches t Biochemical L a b . , 
I n d i a . Na-AMP, EGTA, p -n i t ropheno l and b i s ( p - n i t r o p h e n y l ) p h o s p h a t e 
were obta ined from Sigma Chemical C o . , U.S .A. Sucrose , EDTA, T r i s , 
CaCl and MgCl were p u r c h a s e d from Briti .sh Drug House, I nd i a . Rest 
of the chemicals and reagents used were of a n a l y t i c a l g rade and of h i -
ghes t p u r i t y a v a i l a b l e . 
3 . 2 . 2 ISOLATION OF SARCOLEMMA 
Sarcolemma v/as i so la t ed from frog ( Rana t i g r i n a ) s k e l e t a l muscle 
by toluene t reatment and l i th ium bromide e x t r a c t i o n p rocedu re as d e s c r i b -
ed in Chapter I I . The final sarcolemmal p r e p a r a t i o n s were suspended 
in 0.25 M sucrose (pH 7.5) for enzymatic d e t e r m i n a t i o n s . Prote in in 
sarcolemma was es t imated by the method of Lowry ej_ a l . , (1951) af ter 
p r e c i p i t a t i n g the p ro te in with 10% TCA. 
3 . 2 . 3 ENZYME ASSAYS 
3 .2 .3a A T P a s e s ( E . C . 3 . 6 . 1 . 3 ) : Ca^" + Mg"^'*'-ATPase was a s s a y e d at 37°C 
in an incubation medium of 1.0 ml containing 100 mM t r i s -HCl buffer 
(pH 7 . 5 ) , 3 mM CaCl 3 mM ^IgCI and 3 mM Na -ATP. The reac t ion 
was s t a r t e d by adding s u i t a b l y d i lu ted enzyme p r e p a r a t i o n (0 .5 - 1.0 
mg p ro t e in ) in the reac t ion mix tu re . After incubat ion for 15 minutes , 
r eac t ion was s topped by 1.0 ml of 10% (v / /v) cold TCA. The contents 
were centr ifuged at 3000 g for 10 min. Pi l i b e r a t e d during t h e reac t ion 
was measured in c lear superna tan t by the method of F i ske and SubbaRow 
(1925) . Ca -ATPase a c t i v i t y was de te rmined af ter the a d d i t i o n of 1 
mM EDTA in p lace of MgCl in the above incubat ion medium. Mg -ATPase 
was cons idered as the a c t i v i t y when CaCl was omi t ted and 1 mM EGTA 
was added in the reac t ion medium of Ca + Mg -ATPase . The spec i f ic 
a c t i v i t i e s of ATPases were te rmed as pmoles of inorganic p h o s p h a t e l i b -
e r a t e d per mg p ro te in of enzyme p r e p a r a t i o n / 1 h under spec i f i ed cond i -
t i o n s . 
3 . 2 . 3 b 5'-Nucleotidase ( E . C . 3 . 1 . 3 . 5 ) : 5 ' - N u c l e o t i d a s e was a s s a y e d 
as d e s c r i b e d e a r l i e r by Zaidi et_ a_l_. , (1981) . The final reac t ion of 1.0 
ml contained 100 mM glycine - NaOIi buffer (pH 9 .2) 5 mM M^Cl^, and 
71 
5 mM Na-AMP. The contents were incubated at ST^C af ter adding a s u i t a b -
ly d i lu t ed sarcolemmal p r e p a r a t i o n . After an incuba t ion time of 30 min, 
t he reac t ion was terminated by ddding 1.0 ml of 10?. cold TCA. ^'i was 
de te rmined by the method of F i ske and SubbaRov/ (1925) in c lear s u p e r -
natant ob ta ined after cent r i fugat ion . Enzyme a c t i v i t y was mentioned in 
te rms of spec i f ic a c t i v i t y as d e s c r i b e d e a r l i e r . 
3 . 2 . 3 c Alkaline phosphatase (E .G . 3 . 1 . 3 . 1 ) : O r t h o p h o s p h o r i c monoester 
p h o s p h o h y d r o l a s e was de te rmined as d e s c r i b e d by V/eiser (1973) . The 
a s s a y sys tem cons is ted of 500 miM t r i s -HCl buffer (pH 9 . 4 ) , 0.3 mM 
ZnCl , 1 mM MgCl , 2 mM p - n i t r o p h e n y l p h o s p h a t e and 1-2 mg of s a r c o -
lemmal membrane p ro te in in a total volume of 2.0 ml . The reac t ion mix-
tu re was incubated at 37°C for 1 h and the reac t ion s topped by the 
a d d i t i o n of 1.0 ml of 0.5 N NaOH. The contents were shaken immedia te ly 
and cent r i fuged . The i n t ens i t y of colour was measured in c lear supe rna -
tant at 420 nm against reagent b l ank , p - n i t r o p h e n o l was used as an e x t e r -
nal s t a n d a r d . One unit of enzyme a c t i v i t y was t aken as ^moles of p -
n i t rophenol formed during 1 h incubat ion under spec i f i ed cond i t ions . 
3 . 2 . 3 d Ace ty l cho l ines t e r a se (E .G. 3 . 1 . 1 . 7 ) : Ace ty l cho l ine s t e r a se was 
a s s a y e d according to the p rocedure d e s c r i b e d by Hes t r in (1949). Reaction 
mixture contained in a total volume of 1.5 ml; 67 mM phospha t e buffer 
(pH 7.2) and 4 mM ace ty l cho l ine c h l o r i d e as s u b s t r a t e . Reaction was 
s t a r t e d by the add i t ion oi membrane p r e p a r a t i o n (1-2 mg p r o t e i n ) . Incu-
bat ion was c a r r i e d out in a 37°G shak ing water ba th for 30 min and 
s topped by adding 3.0 ml of a l k a l i n e - h y d r o x y l a m i n e reagent at the end 
of incubat ion . After about 5 min, 1.5 ml of 6 N HCl was a d d e d and 
mixed w e l l . A solution of 0.37 M FeGl (1 .5 ml) was then added for 
colour development . Th i s was centr i fuged and d e c r e a s e in colour of ace -
ty l cho l i ne c h l o r i d e was measured in c l ea r supe rna tan t at 540 nm against 
t he reagent b l ank . Specif ic a c t i v i t y of a c e t y l c h o l i n e s t e r a s e was defined 
as pmoles of ace ty lcho l ine per mg p r o t e i n p e r hour under spec i f i ed con-
d i t i o n s . 
3 . 2 . 4 ENZYME INHIBITION KINETIC STUDIES 
For ca r ry ing out i nh ib i t i on k ine t i c s of sarcolemmal enzymes using 
vanada te as i n h i b i t o r , a p p r o p r i a t e amounts of membrane p ro te ins were 
incubated at 37°G for 5 min with va ry ing concent ra t ions of vanada te 
in incubat ion medium containing a l l n e c e s s a r y i n g r a d i e n t s of an enzyme 
a s s a y excep t s u b s t r a t e . After 5 min incuba t ion , the reac t ion was s t a r t e d 
by adding the r e q u i r e d s u b s t r a t e and f u r t h e r a s s a y was c a r r i e d out 
in p resence of i n h i b i t o r . Approp r i a t e c o n t r o l s , wi th and without i n h i b i t o r 
were a lso run s imul taneous ly . The p e r cent i n h i b i t i o n for each enzyme 
was ca lcu la ted from spec i f i c a c t i v i t i e s aga ins t control v a l u e s . 
3 . 2 . 5 DETERMINATION OF Km AND Vmax 
For the de terminat ion of Michae l i s c o n s t a n t s , the Km and the 
Vmax, and the type of i n h i b i t i o n , spec i f i c a c t i v i t i e s for va r ious enzymes 
were de te rmined with va ry ing s u b s t r a t e concen t ra t ions in p re sence and 
absence of vanada te . Enzyme a s s a y cond i t ions were the same as d e s c r i b e d 
under t h e i r r e s p e c t i v e sec t ions , excep t for s u b s t r a t e concen t ra t ions . The 
s u b s t r a t e concentrat ions were v a r i e d from 0.5 - 5.0 mM of t h e i r r e s p e c -
t i ve s u b s t r a t e s . V/hile ca r ry ing out t h e enzyme k ine t i c s in p re sence 
of i n h i b i t o r , the enzyme was p r e i n c u b a t e d at 37°C for 5 min before 
reac t ion was s t a r t ed by adding the s u b s t r a t e s . Michael is cons tants were 
de te rmined from the p lo t s according to Mi chael is-f . lenten equat ion i . e . 
spec i f i c a c t i v i t i e s (v) vs s u b s t r a t e concent ra t ion( s ) and also from Line-
weave r -Burk plots (double r ec ip roca l p l o t s ) , p lo t t ing ( 1 / v ) against ( 1 / s ) . 
L ineweaver-Burk p lo ts ha^.'e a lso been used for the de te rmina t ion of 
i n h i b i t o r constants (K i ) . 
3 . 2 . 6 DETERMINATION OF INHIBITOR CONSTANT {Ki ) 
i n h i b i t o r constants (Ki ) for va r ious sarcolemmaJ enzymes were 
de te rmined by the method of Dixon (1953) . The method impl ie s that 
if the ve loc i ty of an enzyme is de te rmined with a s e r i e s of i n h i b i t o r 
concent ra t ions keeping two dif ferent s u b s t r a t e concent ra t ions cons tan t , 
the p lo t t ing 1/v against i n h i b i t o r c o n c e n t r a t i o n s ( i ) g ives s t r a i g h t l i n e s . 
The point of i n t e r sec t i on of t he se l ines g ive -Ki d i r e c t l y . This is the 
general p rocedure commonly used for t h e de t e rmina t ion of i n h i b i t o r cons-
tant for i nh ib i t i on k ine t i c s t u d i e s . I n h i b i t i o n of ATPases was de te rmined 
as a function of i n h i b i t o r concent ra t ions ranging from 10-500 pM vanadate 
at two different s u b s t r a t e concent ra t ions (S = 1.5 and S = 3.0 mM 
Na -ATP) . Inh ib i t ion k ine t i c s of 5 ' - n u c l e o t i d a s e was followed at va ry ing 
concentra t ions of vanada te (10-500 ^M) using 4 mM and 6 mM Na-AMP. 
S i m i l a r l y , inh ib i t ion k ine t i c s of a l k a l i n e p h o s p h a t a s e was c a r r i e d out 
using 1-50 pM vanadate and 1 mM and 2 mM p - n i t r o p h e n y l p h o s p h a t e . 
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When the reac t ion w;.s c a r r i e d out in p re sence of i n h i b i t o r , enzyme was 
p re incuba ted at 37°C for 5 min hofo'^e fhe s t a r t nf r^a r t ion by adding 
a p p r o p r i a t e s u b s t r a t e s . 
3.3 RESULTS 7d 
3 . 3 . 1 SARCOLEMMAL ENZYMES 
We have s tud ied the following enzymes in i so la t ed frog s k e l e t a l 
muscle sarcolemma; Ca -ATPase , Mg -ATPase , (Ca + Mg )-ATPase 
5 ' - n u c l e o t i d a s e , 'a lkal ine p h o s p h a t a s e and a c e t y l c h o l i n e s t e r a s e . Tab le 
3.1 shows the speci f ic a c t i v i t i e s of t h e s e enzymes as de te rmined under 
optimum condi t ions of the enzyme a s s a y s . The optimum condi t ions such 
as pH, concent ra t ions , time and t e m p e r a t u r e s for a l l enzymes were s t a n -
d a r d i z e d . 
3 . 3 . 2 EFFECT OF VANADATE ON SARCOLEMMAL ENZYMES 
Effect of vanadate on _in_ v i t r o a c t i v i t y of sarcolemmal enzymes 
were s t u d i e d . Following p re incuba t ion of sarcolemmal p r e p a r a t i o n s a t 
37°C for 5 min with va ry ing vanada te c o n c e n t r a t i o n s , the enzyme r eac t ions 
were c a r r i e d out by adding s u b s t r a t e s . CA -ATPase , Mg ' -ATPase (Ca 
+ Mg )-ATPase, 5 ' - nuc l eo t ida se and a l k a l i n e p h o s p h a t a s e were found 
to be i n h i b i t e d by v a n a d a t e , whereas a c e t y l c h o l i n e s t e r a s e had no effect 
over the vanadate concent ra t ions ranging from 0.01 - 10.00 mM. The 
i nh ib i t i on caused by vanada te to va r ious sarcolemmal enzymes was more 
or l e s s concentrat ion dependent . F ig . 3.1 shows the i nh ib i t i on p a t t e r n 
of frog ske le ta l muscle sarcolemmal ATPases and Fig . 3.2 shows the i n h i b i -
tion of 5 ' -nuc leo t idase and a lka l i ne p h o s p h a t a s e . It '.vas ev iden t from 
these r e s u l t s tha t 5 ' - nuc l eo t i da se was more s e n s i t i v e to vanada te than 
ATPases . Concomitantly, a lka l ine p h o s p h a t a s e was much more s e n s i t i v e 
than 5 ' -nuc leo t idase and ATPases. Table 3.2 summarises the concent ra t ion 
of vanadate r e q u i r e d for 50% i n h i b i t i o n of the maximum a c t i v i t i e s (I^_,) 
of sarcolemmal membrane bound enzymes . The I^^ va lues c l e a r l y i n d i c a t e 
the h ighes t s e n s i t i v i t y of a lka l i ne p h o s p h a t a s e to vanada t e . The o v e r a l l 
s e n s i t i v i t y of sarcolemmal enzymes tov/ards vanada te was a p p e a r e d to 
be in the following o r d e r ; a lka l ine p h o s p h a t a s e > 5 ' - n u c l e o t i d a s e ) Ca 
ATPase>Mg"^"^-ATpase>(Ca'^"^ + Mg"^"^)-ATPase . 
3 . 3 . 3 INHIBITOR CONSTANTS (Ki ) 
Inh ib i to r constants (Ki) for sarcolemmal enzymes were de te rmined 
following the method of Dixon. Specif ic a c t i v i t i e s of va r ious enzymes 
were de termined as a function of vanada te concent ra t ion using two f ixed 
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Table 3 .1 
Specific a c t i v i t i e s of frog s k e l e t a l muscle sarcolemmal enzymes 
Enzymes Specif ic a c t i v i t i e s 
Ca'*""^-ATPase 
Mff'^'^-ATPase 
[Ca"^ "^  + Mg"^'^)-ATPase 
0.76 ± 0.08 (5) 
0.87 ± 0.06 (5) 
1.06 ± 0.12 (5) 
5 ' -Nucleot idase 0 . 0 6 7 ± 0 . 0 0 2 ( 5 ) 
Alkaline phospha ta se 0 .023 ± 0 . 0 0 2 ( 5 
Acety lcho l ines t e rase 0.44 ± 0.12 (3 
Above enzyme a c t i v i t i e s were de te r • .ined under opt imal condi t ions of 
each enzyme assay d e s c r i b e d in m r t e r i a l s and me thods . Specif ic a c t i v i -
t i e s of ATPasesand 5 ' - n u c l e o t i d a s e a r e e x p r e s s e d as ^moles Pi/mg pro te in , 
h . Specif ic a c t i v i t y of a lka l i ne p h o s p h a t a s e and a c e t y l c h o l i n e s t e r a s e 
a r e shown as pmoles p - n i t r o p h e n o l / m g p r o t e i n / h and pmoles of a c e t y l -
chol ine /mg p r o t e i n / h r e s p e c t i v e l y . 
Values a re the mean ± S.D. 
Number in parentheses a re the number of expe r imen t s on separate- s a r c o -
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T a b l e 3 . 2 
Effec t of v a n a d a t e c o n c e n t r a t i o n r e q u i r e d for 50% i n h i b i t i o n of f rog 
s k e l e t a l m u s c l e s a r c o l e m m a l e n z y m e s 
+ 
E n z y m e s I (pM V a n a d a t e 
Ca"^"^-ATPase 400 
Mg"^"^-ATPase 600 
ICa"^"^ + M2'*"'*")-ATPase 650 
5 ' - N u c l e o t i d a s e 325 
A l k a l i n e p h o s p h a t a s e 9 .2 
A c e t y l c h o l i n e s t e r a s e No i n h i b i t i o n 
+ 
I v a l u e s w e r e d e i e r r a i n e d f rom F i g u r e 3 . 1 a n d 3 .2 d r a w n from t h e 
mean v a l u e s of t h e d a t a o b t a i n e d f r o m f i v e s e p a r a t e e x p e r i m e n t s on 
e a c h e n z y m e . 
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s u b s t r a t e concen t ra t ions . When the va lues were p l o t t e d according to Dixon 
( i . e . 1/v vs i ) , two s t r a i g h t l ines were ob ta ined i n t e r j e c t i n g each o t h e r 
at a point on t h e i a x i s . This case was t rue for a l l the sarcolemrr_al 
enzymes s t u d i e d . The point of i n t e r s ec t i on d i r e c t l y g ives -Ki va lues 
t ha t can be r e a d in t e rms of vanada te concen t r a t i ons . The p a t t e r n of 
these p lo t s ( Fig . 3 . 3-3 . 7 ) ind ica ted tha t t he i n h i b i t i o n caused by vanada te 
to sarcolemmal enzymes i s a noncompet i t ive t y p e . The values of i n h i b i t o r 
cons tants as de termined from these p lo t s a re summarized in Table 3 . 3 . 
-5 
Inh ib i t o r constant for a lka l ine p h o s p h a t a s e v/as 0.42 x 10 M v/hich 
is more than 10 times lower as compared to t h a t obta ined for ATPases 
and 5 ' - n u c l e o t i d a s e . The lower value of Ki for a lka l i ne p h o s p h a t a s e 
ind ica t ed h igher s e n s i t i v i t y of t h i s enzyme to v a n a d a t e . 
3 . 3 . 4 MICHAELIS CONSTANTS (Km and Vmax) 
In add i t iona l enzyme k ine t i c s t u d i e s , t he spec i f ic a c t i v i t i e s 
( v e l o c i t y ) of enzymes were de termined as a function of s u b s t r a t e concent-
ra t ions in p resence and absence of v a n a d a t e . The concent ra t ions of vana-
date v/ere se lec ted according to the s e n s i t i v i t y of the r e s p e c t i v e enzyme. 
Genera l ly , the concentra t ions of vanadate were chcscn in such a way 
that gave a p p r o x i m a t e l y 20-40^ enzyme i n h i b i t i o n . Hvperboi ic cu rves 
'.vere obta ined when t h e ve loc i t i e s of enzyme ca t a l i z ed reac t ions (v ) 
v/cre p lo t t ed against s u b s t r a t e concentra t ion( s ) . Th i s case was a p p l i c a b l e 
to a l l sarcolemmal enzymes under s tudy (F ig . 3 . 8 - 3 . 1 2 ) . Micrae l i s cons-
t a n t s , Km and Vmax were determined irora these c u r v e s . In the p resence 
of i n h i b i t o r the Michael is constants Km and Vmax were des igna ted as 
Kyj and Vpraax, r e s p e c t i v e l y . It was o b s e r v e d tha t vanadate d id not 
affect the Km of sarcolemmai enzymes ( i . e . Km = Kp) but i t i n h i b i t s 
enzymatic a c t i v i t i e s by decreas ing the v e l o c i t y of the reac t ion ( i . e . 
Vraax>Vpmax). The va lues of Km and Vmax in p r e s e n c e and absence of 
vanada te a re shov/n in Table 3 .4 . These r e s u l t s were in agreement v/ith 
the k ine t ic view of a non-compet i t ive i n h i b i t i o n suggest ing tha t vanada te 
i n h i b i t s sarcolemmal enzymes by non-compet i t ive mechanism. 
Double r e c i p r o c a l plot (1 /v vs 1/s) of sarcolemmal enzyme k i n e -
t ics at vary ing s u b s t r a t e concentra t ions in p re sence and absence of vana-
date gave two s t r a i g h t l ines in t e r sec t ing each o t h e r on the line of 1/s 
ax i s confirming again t h e non-compet i t ive t y p e of i n h i b i t i o n (Fig . 3 . 8 -
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Table 3 .3 
Inh ib i to r constants {Ki ) using vanada te as an i n h i b i t o r on 
frog ske l e t a l muscle sarcolemmal enzyme k ine t i c s 
Enzymes I n h i b i t o r constant 
(M) 
Ca"^'^-ATPase 0.66 x 10 "* 
Mg"^"^-ATPase 1.00 x 10 '^  
(Ca"^ "^  + Mg^"^)-ATPase 0.54 x 10 ^ 
-4 5 ' -Nuc leo t idase 0.62 x IC 
Alkal ine phospha ta se 0.42 x 10 
Assay condit ions were the same as d e s c r i b e d in :Tiateriais ar.d me thods . 
While ca r ry ing out the reac t ion in p resence of i n h i b i t o r , enzyme was 
p re incuba ted at 37°C for 5 min with va ry ing cor.centrat ions of \--."••. dz::-
mentioned in matL-rials and methods . 
Values of i nh ib i to r cons tants v^^erc de te rmined from the Dixon plot (1 /v 
vs i ) drawn from tiie data o b t a i n i u from mear. va lues of five expe r imen t s 
on s epa ra t e p r e p a r a t i o n s for each enzyme assa-, . 
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Table 3 .4 
Effect of vanadate on Km and Vmax on frog s k e l e t a l muscle 
sarcolemmal enzyme k ine t i c s obta ined from h y p e r b o l i c p lo t s 
Enzymes Without vanadate With vanadate 
Km(mM) Vmax Km(mM) Vmax 
Ca'^'^-ATPase 1.10 0.80 1.10 0.55 
Mg"^"^-ATPase 1.00 0.88 1.00 0.6i 
\<Za^* + Mg'^'^)-ATPase 1.46 0.98 1.44 0.81 
5 ' -Nuc leo t idase 0.75 0.066 0.75 0.03i 
Alkal ine p h o s p h a t a s e 0.53 0.022 0.53 0.012 
Assay, condi t ions were the s a n e as d e s c r i b e d in ma te r i a l s and me thods . 
While ca r ry ing out i nh ib i t i on k ine t ics in p r e s e n c e of i n h i b i t o r , enzyme 
was p re incuba ted for 5 min at 37°C with 5 jag vanada te in case of a l k a -
l ine p h o s p h a t a s e and wi th 100 pg vanadate in case of r e s t of the enzymes . 
^9 
I t i s a l s o e v i d e n t from d o u b l e r e c i p r o c a l p l o t s t h i t i n p r e s e n c e of v a n a -
d a t e , t h e s t r a i g h t l i n e s h i f t s on 1/v a x i s a n d r e m a i n s a t t h e s ame p o i n t 
on 1/s a x i s . T h i s a g a i n s u g g e s t e d t h a t v a n a d a t e i n h i b i t s s a r c o l e m m a l 
e n z y m e s b y d e c r e a s i n g t h e v e l o c i t y of r e a c t i o n w i t h o u t a f f e c t i n g t h e 
Km of e n z y m e s . In a d d i t i o n to Km v a l u e s , d o u b l e r e c i p r o c a l p l o t s w e r e 
a l s o u s e d to c a l c u l a t e t h e i n h i b i t o r c o n s t a n t s (Ki ) b y an i n d i r e c t p r o c e -
d u r e . For n o n - c o m p e t i t i v e t y p e of i n h i b i t i o n , t h e f o l l o w i n g e q u a t i o n 
h o l d s t r u e ; 
Ki = 
v / v p - 1 
w h e r e v and v p a r e r e c i p r o c a l of t h e p o i n t s of i n t e r s e c t i o n on 1/v a x i s 
, and . p r e s e n c e ^.^. - u - w ^ . 4.- i T U - U - ^ . 
m a b s e n c e / oi a n o n - c o m p e t i t i v e i n h i b i t o r , r e s p e c t i v e l y . I n h i b i t o r c o n s -
t a n t s from d o u b l e r e c i p r o c a l p l o t s c o u l d be d e t e r m i n e d from t h i s e q u a t i o n . 
T a b l e 3 .5 g i v e s t h e v a l u e s of Km a n d Ki fo r s a r c o l e m m a l e n z y m e s as 
d e t e r m i n e d from d o u b l e r e c i p r o c a l p l o t s . I t i s n o t i c e a b l e t h a t t h e v a l u e s 
of Km o b t a i n e d b y t h i s p r o c e d u r e w e r e a l i t t l e b i t h i g h e r from t h o s e 
o b t a i n e d f rom h y p e r b o l i c c u r v e s . H o w e v e r , some s i n g i f i c a n t d i f f e r e n c e s 
w e r e o b s e r v e d in Ki v a l u e s c a l c u l a t e d b y t w o d i f f e r e n t p r o c e d u r e s . 
T h i s d i f f e r e n c e in Ki v a l u e s i s not due to t h e w a y of p l o t t i n g t h e s ame 
d a t a b y two d i f f e r e n t w a y s a s i s t r u e in c a s e of Km v a l u e s , b u t i t 
i s due to t h e change in e n t i r e p r o c e d u r e fo r c a r r y i n g out t h e e n z y m e 
k i n e t i c • r e a c t i o n . The p r o c e d u r e of Dixon for t h e d e t e r m i n a t i o n of i n h i b i -
t o r c o n s t a n t s i s more f r e q u e n t l y u s e d and a p p e a r e d to b e more a p p r o -
p r i a t e . 
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Table 3.5 
T h e V a l u e s of Km a n d Ki on f rog s k e l e t a l m u s c l e s a r c o l e m m a l e n z y m e 
k i n e t i c s o b t a i n e d f rom L i n e - w e a v e r - B u r k p l o t s ( 1 / v v s 1 / s ) 
E n z y m e s Km Ki 
(mM) { M ) 
Ca^'*"-ATPase 1.47 2 . 8 0 x 10 '^  
Ms"^"^-ATPase 1.72 4 .20 x 10 '^  
(Ca'^"^ + Mg'^"^)-ATPase 2 . 3 8 3 .02 x 10 '^ 
5 ' -Nuc leo t idase 1.16 1.24 x 10 "^  
-5 Alkal ine phospha ta se 0.64 0.41 x 10 
Assay system was the same as d e s c r i b e d in ma te r i a l s and methods . While 
c a r r y i n g out inh ib i t ion k ine t i cs in p resence of i n h i b i t o r , enzyme was 
p re incuba ted for 5 min at 37°C with 5 jug vanada te in case of a l k a l i n e 
p h o s p h a t a s e and with 100 pg vanada te in case of r e s t of the enzymes . 
3A DISCUSSION 
Membrane bound ehzymes a re used as ma rke r s for iden t i f i ca t ion 
of va r ious membranes after i so l a t i on . Sarcolemma is known to pos s e s s 
Na + K -ATPase , p - n i t r o p h e n y l p h o s p h a t a s e , 5 ' - n u c l e o t i d a s e , adeny la t e 
c y l a s e , p h o s p h o d i e s t e r a s e , and l e u c y l n a p h t h y l a m i d a s e (Kidwai e;t_ a l . , 
1971a; 1973; Moffet et^ al_. . 1976; Jones e^ a]_. , 1980; Zaidi e^ al_. , 1981). 
The spec i f ic a c t i v i t i e s of the preced ing enzymes were i nc rea sed in the 
pu r i f i ed sarcolemma. The enzymes , succinic d e h y d r o g e n a s e , cytochrome 
C o x i d a s e , and monoamine o x i d a s e s a re somet imes used as marke r s of 
mi tochondr ia l membranes to check the ex ten t of contamination in s a r c o l e -
mmal p r e p a r a t i o n s (Kidwai et_ a_l_. , 1971a; 1973) . The p resen t s tudy have 
demons t ra ted the p resence of Ca -ATPase , Mg -ATPase , Ca + Mg 
ATPase, 5 ' - n u c l e o t i d a s e , a lka l ine p h o s p h a t a s e and a c e t y l c h o l i n e s t e r a s e 
in frog ske l e t a l muscle sarcolemma. The a c t i v i t y of t he se enzymes o b s e r -
ved in sarcolemmal p r e p a r a t i o n s was not a t t r i b u t e d due to the p resence 
of i n t r a c e l l u l a r contaminat ions . The p rocedu re for the i so la t ion of s a r c o -
lemma was s t a n d a r d i z e d which y ie lded p u r i f i e d membrane p r e p a r a t i o n s . 
The p r e p a r a t i o n was subjec ted to c h a r a c t e r i z a t i o n with r e s pec t to mor-
pho logy , biochemical composi t ion and marker enzymes . Under phase cont-
r a s t mic roscope , the sarcolemma a p p e a r e d as an empty clean t u b e - l i k e 
s t r u c t u r e devoid of the m y o i i b r i l a r , nuclear or mi tochondr ia l contamina-
n t s . Biochemical compos i t ions , for example , c h o l e s t e r o l and p h o s p h o l i p i c 
r a t i o and the a c t i v i t i e s of some membrane bound enzymes were a lso in 
good agreement with the p u r i t y of the p r e p a r a t i o n . F u r t h e r , sarcolemmal 
p r e p a r a t i o n a lso r e t a ined i t s or ig ina l shape and i n t e g r i t y of cons t i t uen t s . 
The p resen t inves t iga t ion ind ica ted t h a t most of the sarcolemmal 
enzymes were i n h i b i t e d by v a n a d a t e , wi th t h e prominent excep t ion of 
a c e t y l c h o l i n e s t e r a s e , wh ich remained unaffected even at high concen t ra -
t i o n s . Enzymes of a sys tem may not get i n h i b i t e d by a s ingle i n h i b i t o r . 
Bes ides s eve ra l o ther f a c t o r s , i nh ib i t i on of an enzym.e i s a lso dependent 
on the access of i n h i b i t o r to the enzyme molecule and of c o u r s e , i t s 
r e sponse towards i n h i b i t o r . In t u rn , i t i s p o s s i b l e t ha t enzymes of the 
same c l a s s may be i n h i b i t e d in a s imi la r manner by a single i n h i b i t o r , 
wh i l e o t h e r s respond the i n h i b i t o r d i f f e r e n t l y . The s e n s i t i v i t y of the 
same c lass of enzyme may also v a r y to a s ing le i n h i b i t o r . The v a r i a t i o n 
in s e n s i t i v i t y may be due to the v a r i a t i o n in requ i rement of ce r t a in 
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l igands (for example metal ions) in the r eac t i on of a spec i f i c enzyme. 
Th is turned out to be the case found in sa rco lemmal enzyme inh ib i t i on 
by v a n a d a t e . F u r t h e r m o r e , t he in t e rac t ion of vanada t e with the enzyme 
i s a l so known to depend upon the t y p e and concent ra t ion of l igands 
in the reac t ion medium (Robinson and Merce r , 1981; Bond and Hudgins, 
1979). The in te rac t ion of vanada te de t e rmines the r e sponse of enzyme 
molecule and t h e r e b y the s e n s i t i v i t y . The ion t r a n s p o r t i n g ATPases , 
5 ' - nuc l eo t i da se and a lka l i ne p h o s p h a t a s e b e h a v e s i m i l a r l y to vanadate 
and can be cons ide red in the same c l a s s due to t h e i r common feature 
d i s t i ngu i shed by the formation of a phosphoenzyme in te rmed ia te during 
the reac t ion c y c l e . However, the s e n s i t i v i t y of va r ious enzymes towards 
vanadate is s t i l l different ref lec t ing t h e i r unique fea tu re and response 
to var ious l igands used in the a s say medium. Ace ty l cho l i ne s t e r a se is 
s t r u c t u r a l l y and funct ional ly different from t h e above enzymes and t h e r e -
fore i t s response against vanadate is d i f f e r en t . There a r e r e p o r t s a v a i l a -
ble in l i t e r a t u r e which ind ica t e that vanada te s t imula t e s r a t h e r to 
i n h i b i t a c e t y l c h o l i n e s t e r a s e in rat v e n t r i c u l a r s t r i p s , e l e c t r i c eel and 
a lso in e r y t h r o c y t e s (Cata lan , e_^  a_l_. , 1985). We were not ab le to de-
monstrate any effect of vanadate on t h i s enzyme. Unresponsiveness of 
sarcolemmal a c e t y l c h o l i n e s t e r a s e to vanada te may b e , in p a r t , due to 
the source of the enzyme. To our knowledge t h e r e is no r epo r t on ske le ta l 
mucle sarcolcmma to compare with our f indings on a c e t y l c h o l i n e s t e r a s e . 
Or thovanadate i s a potent i n h i b i t o r of Na + K -ATPase and Ca -
ATPase of animal and human ce l l s (Cant ley £t_ a_l_. , 1978; Bond and Hud-
g ins , 1979). plasma membrane bound ATPase of fungal and plant root 
sys tems (Gallagher and Leonard , 1982) a r e a l so s e n s i t i v e to t h i s inor -
ganic ion. It has been shown that vanada te ac t s as a non-compet i t ive 
i n h i b i t o r to plasma membrane of yeast Sch izosaccha romyces pombe (Dufour 
et a l . , 1980) and corn root (Zia maize) plasma membrane ATPase TuS-I 
and S l iw insk i , 1985). As shown in (F ig . 3. 4 - 3 . 12 ) vanadate inh ib i t i on 
of frog ske le ta l muscle sarcolemmal ATPases was a l so a noncompet i t ive 
t y p e which was in agreement wi th the p r e v i o u s f indings on yeast and 
corn root plasma membrane ATPase. Unlike uncompe t i t i ve i n h i b i t o r s which 
p re sumab ly involve effect ive binding to e n z y m e - s u b s t r a t e complex , non-
compet i t ive i n h i b i t o r s show effect ive binding to bo th free and s u b s t r a t e 
bound enzymes . Since t h e r e v/as no b a s i s to assume tha t the binding 
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con.itants for vanadate of two di f ferent forms of enzymes v/ere the same , 
no a t t empt s were made to eva lua te these c o n s t a n t s . However , t he e f fec t ive 
binding of vanadate to whole sarcolemmal p r e p a r a t i o n was eva lua t ed 
by Sca tchard ana lys i s (Chapte r IV) . Sca t cha rd a n a l y s i s suggested t h a t 
t h e r e ex i s t some s t r u c t u r a l cons t i tuents in sarcolemma (may be the en-
zymes presen t in i t ) r e s p o n s i b l e for the b ind ing of v a n a d a t e . Some i n v e s -
t i ga to r s have shov/n the binding of vanada te to membrane bound enzymes 
from o ther sources (Cant ley et_ a]_. , 1978; 1979; Highsmith e^ aj_. , 1985; 
Verga et_ al_. , 1985). The binding of VO to the enzymes may br ing 
about conformantional changes in the enzyme molecule t ha t causes the 
formation of t h r e e dimensional a r r a y s of c r y s t a l s . Dux and Martonosi 
(1983) have demonst ra ted the formation of such c r y s t a l s of Ca -ATPase 
in r a t sa rcop lasmic re t icu lum membrane v e s i c l e s due to the conformational 
changes brought about by vanada te . 
The mechanis t ic view of the act ion of vanada te on phosphoenzymc 
ion t r anspor t ATPases and o the r enzymes of t h i s ca tegory can be v/ell 
unders tood by cons ider ing in mind the s t r u c t u r e of these enzyme mole-
cules in genera l . This c lass of i n t r i n s i c enzymes has two p r i n c i p a l con-
formations ca l l ed E and E^. For t h i s r eason the c lass is sometimes 
r e f e r r e d as the E / £ c lass of enzymes . In the E conformation the 
enzyme accep t s a phospha te group r e v e r s i b l y from ATP and in the E_, 
conformation it accepts a phospha t e group r e v e r s i b l y from P i . The l a t e r 
reac t ion is ca l l ed "back door" p h o s p h o r y l a t i o n . The acceptor s i t e i s 
the ca rboxy l group of the same a s p a r t y l r e s i d u e in both c a s e s . All 
members of t h i s c lass a r e i n h i b i t e d by v a n a d a t e . Vanadate i n h i b i t s ATP-
ases as a deadend t r ans i t i on s t a t e analog of inorganic p h o s p h a t e . It 
en t e r s the reac t ion sequence by the back door and forms a s t a b l e in -
a c t i v e complex in a r e v e r s i b l e r eac t ion wi th the E conformation of 
the enzyme in a s to icheometr y of one v a n a d a t e bound per a c t i v e s i t e 
for p h o s p h o r y l a t i o n (Huang and A s k a r i , 1981). The a c t i v e s i t e s of the 
members of the family of phosphoenzyme ion t r a n s p o r t ATPases a p p e a r s 
to be the a s p a r t y l r e s i d u e . The p resence of a s p a r t y l r e s idue at the 
a c t i v e s i t e of phosphoenzyme of Ca -ATPase has not been iden t i f i ed 
because t h i s ATPase r e semb le s the o the r members of the family in man-
o the r w a y s . 
Other sarcolemmal enzymes ( 5 ' - n u c l e o t i d a s e and a lka l ine p h o s p h a -
t a se ) were a lso found to be i n h i b i t e d by v a n a d a t e . The l i t c j a t u r e surv-ev 
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suggested tha t s tud ies on the effect of vanada te v/ere mainly ca ' r r ied 
out on ATPases on ly , v/hile the r e sponse of 5 ' - n u c l e o t i d a s e towards t h e 
vanada te is t o t a l l y , unkncv/n. Mere or l e s s s i m i l a r i n h i b i t o r y r e sponse 
of vanada te on 5 ' -nuc leo t idase could be assumed as t h i s enzyme r e s e m -
b l e s the ATPases in a t l e a s t ca r ry ing out t h e r e a c t i o n cyc les in s imi l a r 
manner. The p resen t r e s u l t s ind ica ted t h a t 5 ' - n u c l e o t i d a s e v/as a lso i n h i -
b i t e d non-compe t i t i ve ly . There i s no data a v a i l a b l e in l i t e r a t u r e on 
the mechanism of action of vanadate on 5 ' - n u c l e o t i d a s e . The p re sence 
of 5 ' - nuc l eo t i da se is con t rove r s i a l in a l l membranes . However , we o b s e r -
ved good a c t i v i t y of t h i s enzyme in frog s k e l e t a l muscle sarcolemma. 
From kine t ic s t u d i e s , it was a lso p o s s i b l e to d i s t i n g u i s h the s e n s i t i v i t y 
of 5 ' - n u c l e o t i d a s e , a lka l ine p h o s p h a t a s e s and ATPases . Alkaline p h o s p h a -
t a ses were found to be many fold more s e n s i t i v e to vanadate than r e s t 
of the enzymes. 
+ + 
The Na + K -ATPase was found to be s e v e r a l t imes more s e n s i -
+ + + + 
tivG to vanadate than Ca + Mg -ATPase in r e d blood ce l l s (Bond and 
Hudgins, 1980). The h ighe r s e n s i t i v i t y of a l k a l i n e p h o s p h a t a s e to vana-
date may b e , in p a r t , due to that i t i s c l o s e l y r e l a t e d to Na + K ' -
ATPase as is the case with K ' - a c t i v a t e d p - n i t r o p h e n y l p h o s p h a t a s e . ' 
Since vanadate i s a potent i nh ib i t o r of Na + K -ATPase and it a l so 
i n h i b i t s K -dependent phospha t a se (Kel ler and Sharma , 1985) a p p r o x i m a -
te! v with the s imi lar p o t e n t i a l , it is l i k e l y for the vanadate to i n h i b i t 
a l ka l i ne phospha ta se in a s imi la r f ash ion . Owing to the fact that bulk 
of the l i t e r a t u r e is a v a i l a b l e on the mechanism of act ion of vanada te 
on Na + K -ATPase from a wide range of sources and the functions of 
Na + K -ATPase in ske l e t a l muscle a r e l i t t l e a p p r e c i a t e d as compared 
to Ca -ATPase in recent y e a r s . The p r e s e n t s t u d y , t h e r e f o r e , does 
not deal much wi th Na + K -ATPases . 
The effect if vanadate on the i n h i b i t i o n of a lka l ine p h o s p h a t a s e 
(E .G. 3 . 1 . 3 . 1 ) have been s tud ied in few cases (Chas teen , 1983; Kwan, 
1983, C h a k r a b o r t t e y and St inson, 1985; F a r l e y and Bay l ink , 1986) but 
the de t a i l ed s tud i e s on the enzyme i n h i b i t i o n k i n e t i c s are not a v a i l a b l e . 
However , Kwan (1983) and C h a k r a b o r t t e y and Stinson (1985) in o r d e r 
to c h a r a c t e r i z e t he i r enzymatic p r e p a r a t i o n s have shown the i n h i b i t o r y 
effects of vanada te on plasma membrane a l k a l i n e p h o s p h a t a s e of rat me-
s e n t r i c a r t e r y and human l i v e r . They have a l so ca lcu la ted t h e i r r e s p e c -
t i v e inhibitOx' constants for vanadate as 1.5 \ill and 65 yiM using p - n i t r o -
phenyl p h o s p h a t a s e as s u b s t r a t e . The mode of act ion of vanadate on 
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a l k a l i n e p h o s p h a t a s e in t h e i r s t ud i e s ar ? not wel l d i s c u s s e d . However, 
C h a k r a b o r t t e y and Stinson (1985) cons ide red vanada te as a compe t i t ive 
i n h i b i t o r of human l i v e r plasma membrane a l k a l i n e p h o s p h a t a s e but no 
d e t a i l e d i n h i b i t i o n k ine t i c s tud ie s using vanada te as i n h i b i t o r were r e -
p o r t e d . The p resen t s t u d y dea l s de t a i l ed i n h i b i t i o n k ine t i c s tud ies on 
a l k a l i n e p h o s p h a t a s e along with o ther sarcolemmal enzymes . From Line-
weave r -Burk and Dixon p l o t s , i t was demons t ra ted t h a t vanadate i n h i b i t s 
a l k a l i n e p h o s p h a t a s e as well as o the r enzymes of frog ske l e t a l muscle 
sarcolemma in a noncompeti t ive manner. The i n h i b i t o r constant (Ki) for 
a lka l i ne p h o s p h a t a s e was found to be 4.2 \xM which i s comparable wi th 
the p rev ious f indings on a lka l ine p h o s p h a t a s e of r a t mesent r ic a r t e r y 
and human l i v e r . The o ther f indings on the i n h i b i t i o n k ine t i c s tud ies 
of sarcolemmal enzymes a re in good agreement wi th the ex i s t i ng view 
of vanadium t o x i c i t y . These de t a i l ed enzyme k ine t i c f indings in t h i s 
s t u d y would t h e r e f o r e , add fur ther unde r s t a snd ing of t h e mechanism 
of action of vanadium. In tu rn , it would be of s ignif icant importance 
in e luc ida t ing the ; : i ructural and functional p r o p e r t i e s of membrane bounc 
enz y mcs. 
CHAPTER IV 
STUDIES ON THE INTERACTION OF TOXICANTS WITH FROG 
SKELETAL MUSCLE SARCOLEMMA AND 
BASEMENT MEMBRANE 
i\.l INTRODUCTION 
Xenabiotics including tox ic chemica l s encountered in occupat ion 
or in environment undergo p h y s i c o - c h e m i c a l in t e rac t ions wi th the r e a c t i v e 
biological en t i t i e s to manifest t h e i r p a t h o l o g i c a l , phys io log ica l or p h a r -
macological e f fec ts . The most s e n s i t i v e biological en t i t i e s a p p e a r to 
be the cell surface membrane which a r e in fact the f i r s t s i t e of contact 
for xenobiot ics enter ing into the c e l l . The cel l membranes s e r v e both 
to sepa ra te cell contents from t h e i r environment and to accumulate or 
e l iminate s e l e c t i v e l y the components of that environment . Over the las t 
s eve r a l d e c a d e s , t h e r e has been an inc reas ing rea l i za t ion tha t a wide 
v a r i e t y of xenobiot ics act not only on the r e l a t i v e l y homogenous solut ion 
tha t comprises the ce l l i n t e r i o r but a lso d i r e c t l y on cell membranes . 
The cell membranes a r e the everchanging s e n s i t i v e and impor tant c e l l u l a r 
o rgane l l e , whose dynamic ba lances may be a l t e r e d by toxic s u b s t a n c e s . 
P r i t c h a r d (1979) pointed out that the cei l surface membranes 
a re the prime target for xenobiot ic t o x i c i t y due to the i r exposed loca-
t ion and chemical r e a c t i v i t y . A xenobio t ic in o rde r :o exer i i t s t o x i c o l o -
gical , phys io logica l or pharmacologica l e f f ec t s , may e i t h e r gets bind 
to the surface of the ce l l or en te r s the cel l without causing any harm 
to membrane components. The in te rac t ion of toxic chemicals with e i t h e r 
p ro t e in or l i p id components of the cel l membrane mav s u b s t a n i : , 11 ;• 
a l t e r membrane s t ruc tu re and function. The cel l surface membrane th r e -
fo re , may be cons idered as the f i r s t s i t e of im.portant toxic e f f ec t s . 
Considering th i s view of membranes , we c a r r i e d out the binding 
s t u d i e s of few im.portant chemica ls using s k e l e t a l muscle sarcolemma 
and basement membrane as model sy s t em. The choice of these membranes 
as models for screening the t o x i c i t y of chemica l s was p r i m a r i l y due 
to the fact tha t sarcolemm.a r e p r e s e n t s a composi te membrane cons is t ing 
of enzymat ica l ly ac t ive plasma membrane as v/ell as basement membrane 
and also due to the fact that i t s impor tance by phys io log i s t s has been 
well a p p r e c i a t e d . F u r t h e r , most of the s tud i e s a v a i l a b l e in l i t e r a t u r e 
r ega rd ing surface membranes a re r e l a t e d to the in t ra organ c e l l s , \7here -
a s , the muscle cel l membranes a re the most exposed target s i t e s for 
the in te rac t ion of environmental p o l l u t a n t s . Cer ta in xenobiot ics could 
get t h e i r en t ry d i r e c t l y through the sk in abso rp t ion and affect t he 
100 
muscle cel l membranes i n a d v e r t a n t l y . Hov/ever, many o t h e r s can r e a c h 
through e ther r o u t e s . T h e r e f o r e , a commonLy used model -system of. frog 
s k e l e t a l muscle was adop ted to s t u d y the in t e rac t ion of xenob io t i c s 
on muscle cel l membranes . B e s i d e s , s k e l e t a l muscles a lso conta in a 
r i g i d l ayer of basement membrane sur rounding the plasma membrane 
The s t u d y on muscle membrane would be of utmost impor tance in p r o v i d -
ing the indepth knowledge r ega rd ing the ro le p l ayed by basement mem-
b r a n e , if any , in any t y p e of p ro t ec t i on to the plasma membrane as 
well as to the cel l i t se l f . 
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^ . 2 MATERIALS AND JiETHODS 
4 . 2 . 1 CHEMICALS 
Ammonium m e t a v a n d a t e w a s o b t a i n e d f rom E. M e r c k ( I n d i a ) . 
C a l c i u m c h l o r i d e w a s p u r c h a s e d f rom B r i t i s h Drug House ( I n d i a ) . M e t a n i l 
ye l lov / w a s o b t a i n e d f rom T h o m a s a n d B a k e r C o . , I n d i a . D i - n - b u t y l t i n 
d i c h l o r i d e (DBT) w a s f rom C i n c i n n a t i M i l a c r o n C h e m i c a l s , New J e r s e y , 
USA a n d t r i - n - b u t y l t i n c h l o r i d e (TBT) w a s o b t a i n e d f rom N i t t o k a s e i 
Kogyo C o . , O s a k a , J a p a n . All o t h e r r e a g e n t s w e r e of a n a l y t i c a l g r a d e 
a n d h i g h e s t p u r i t y a v a i l a b l e . 
4 . 2 . 2 ISOLATION OF SARCOLEMMA 
S a r c o l e m m a w a s p r e p a r e d f rom young a d u l t f r o g s ( Rana t i g r i n a ) 
s k e l e t a l musc le b y t o l u e n e t r e a t m e n t a n d l i t h i u m b r o m i d e e x t r a c t i o n 
p r o c e d u r e of Za id i e^ a_]_. , ( 1 9 8 1 ) . O t h e r d e t a i l s a r e a s d e s c r i b e d e a r l i e r 
in C h a p t e r I I . 
4 . 2 . 3 ISOLATION OF BASEMENT MEMBRANE 
Basemen t m e m b r a n e w a s p r e p a r e d f rom frog s k e l e t a l m u s c l e 
b y e x t r a c t i o n of i n t r a c e l l u l a r m a t e r i a l f rom m u s c l e c e l l s e g m e n t s in 
a s o l u t i o n c o n t a i n i n g 2M NaCl , 10 mM EDTA a n d 0. 5-d t r i t o n ; : -100 (pH 
7 . 5 ) and t h e n son ic r . t i on in p r e s e n c e of t h e a b o v e s o l u t i o n (Ali et a l . , 
1 9 8 7 ) . The d e t a i l s o: i s o l a t i o n p r o c e d u r e a r e g i v e n in C h a p t e r , 1 . 
4 . 2 . 4 XENOBIOTIC-MEMBRANE INTERACTION STUDIES 
I n t e r a c t i o n of few s u b s t a n c e s , r e p r e s e n t i n g d i f f e r e n t g r o u p s , 
w i t h s k e l e t a l musc l e m e m b r a n e w e r e s e l e c t e d r a n d o m l y . P r o t e i n w a s 
d e t e r m i n e d a c c o r d i n g to L o w r y e t a l . ( 1 9 5 1 ) . 
4 . 2 . 4 a Calc ium: C a l c i u m p l a y s a s i g n i f i c a n t r o l e i n t h e e x c i t a t i o n 
a n d c o n t r a c t i o n p h e n o m e n o n of m u s c l e s a n d m e m b r a n e t r a n s p o r t p r o c e s s e s . 
M e m b r a n e p r e p a r a t i o n ( 2 5 - 3 0 rag p r o t e i n ) w a s i n c u b a t e d w i t h 5 mM t r i s -
HCl bu f f e r (pH 7 . 0 ) c o n t a i n i n g 5 mM CaCl in a f i n a l v o l u m e of 5 .0 
ml a t 37°C fo r JO m i n . C o n t r o l s c o n t a i n i n g no c a l c i u m w e r e a l s o r u n 
s i m u l t a n e o u s l y . D e i o n i z e d w a t e r w a s u s e d t h r o u g h o u t t h e s t u d y . Af te r 
i n c u b a t i o n , c o n t e n t s w e r e e x t e n s i v e l y w a s h e d in o r d e r to r e m o v e a n y 
t r a p p e d c a l c i u m . S a m p l e s w e r e p r o c e s s e d a f t e r p r o p e r d i g e s t i o n b y 
a c i d d i g e s t i o n p r o c e d u r e of Roach ei_ a_l_. ( 1 9 6 8 ) a n d c a l c i u m c o n t e n t s 
10? 
were de te rmined using a Pe rk in -E lmer Atomic Absoxption .Spec t ropho tome te r 
model-5000 at 422 nm a t t a c h e d v/ith a hollow ca thode lamp for ca l c ium. 
Lanthanum (0.1%) was a d d e d in each -sample to . avo id i n t e r f e r e n c e s . 
4 .2 .4b Vanadium: Vanadium belongs to h e a v y metal group and i t s a s s o -
c ia t ion wi th muscles have been well documented. Sarcolemma and basement 
membrane p r e p a r a t i o n s (10-15 mg p r o t e i n ) were incubated at 37°C for 
2 h wi th 75 mM phospha t e buffer (pH 7.2) and vary ing concen t ra t ion 
of ammonium metavanadate (0.05 - 2.00 mg) . After 2 h incuba t ion , con ten t s 
were centr i fuged and sed iments v/ere washed 4-5 t imes wi th p h o s p h a t e 
buffer to remove any unbound m a t e r i a l . Samples were d iges ted by v/et 
ash ing p rocedu re and vanadium contents de te rmined according to T a l v i t e 
(1953) . 
4 .2 .4c Endosulfan: To s tudy the i n t e r ac t ion of endosulfan, a commonly 
used p e s t i c i d e , about 50 mg of membrane p r o t e i n in 25 mM t r i s HCl buffer 
(pH 7.5) was incubated with 50 ug endosulfan in 1% ethanol in a to ta l 
volume of 5.0 ml at 37°C for 30 min. After incubat ion , contents were 
washed 4-5 t imes to remove any unbound p e s t i c i d e . The bound p e s t i c i d e 
was e x t r a c t e d with n -hexane and ana ly sed accord ing to Khanna et_ a l . 
(1979) using a Varian g a s - l i q u i d ch ro r -a tog raph s e r i e s 2400, e q u i p p e d 
3 f 
with Electron Capture Detector ( H ) . 
4 . 2 . 4 d Metanil Yellow: Membrane i n t e r ac t i on of most cor.mon food color 
d y e , metanil yellow was s t u d i e d using 5.0 ml of membrane ' containing 
50 mg pro te in in 50 mM t r i s -HCl buffer (pH 7 . 5 ) . The p r e p a r a t i o n was 
incuba ted with 500 i^g metanil yellow at 37°C for 30 min. After i ncuba t ion , 
t he unbound dye wa- removed by cen t r i fuga t ion . Loosely bound metani l 
yellow was washed t h r i c e wi th buffer and t i g h t l y bound was then e x t r a c -
ted with 80i ethanol and measured accord ing to S r ivas t ava et_ a l . (l'^/78). 
4 .2 .4e Organotin Compounds: Organotin compounds. a re wide ly used i n d u s -
t r i a l chemica ls and e x e r t toxic effects in man and an imals . They a l so 
p roduce d i s r u p t i v e effects on musc les . In o r d e r to s tudy the i n t e r a c t i o n 
of organotin compounds, sarcolemma and basement membranes containing 
7-10 mg p ro te in in 5 mM p h o s p h a t e buffer (pH 7.5) and 500 uM d i - n -
b u t y l t i n d i c h l o r i d e and t r i - n - b u t y l t i n c h l o r i d e were incubated s e p a r a t e l y 
10^ 
at 37°C for 30 min in a t o t a l voluTne of 1.0 m l . -Contents w e r e • centr i fuged 
a n d w a s h e d 3-4 t i m e s w i t h p h o s p h a t e b u f f e r in o r d e r to r e m o v e u n b o u n d 
c o m p o u n d . The bound o r g a n o t i n c o m p o u n d s i n m e m b r a n e s a m p l e s w e r e 
e x t r a c t e d a c c o r d i n g to C r e m e r (1957) a n d c o n t e n t s w e r e e s t i m a t e d b y 
d i t h i o z o n e m e t h o d of A l d r i d g e a n d C r e m e r ( 1 9 5 7 ) . 
4 . 2 . 5 BINDING ANALYSIS OF VANADIUM 
Bound a n d f r ee v a n a d i u m w a s c a l c u l a t e d a n d r e s u l t s w e r e a n a l y z e d 
u s i n g t h e e q u a t i o n g i v e n b y S c a t c h a r d ( 1 9 4 9 ) ; 
B / F = K ( n - B ) ( I ) 
w h e r e B i s t h e c o n c e n t r a t i o n of bound l i g a n d s / m g p r o t e i n , n i s t h e c o n -
c e n t r a t i o n of t o t a l b i n d i n g s i t e s p e r mg p r o t e i n , F i s t h e c o n c e n t r a t i o n 
of f r e e l i g a n d s and K i s t h e i n t r i n s i c a s s o c i a t i o n c o n s t a n t . 
The S c a t c h a r d e q u a t i o n ( I ) p r e d i c t s t h a t t h e p l o t t i n g of B / F 
a g a i n s t B g i v e s a s t r a i g h t l i n e if K i s c o n s t a n t ( i . e . w i t h t h e one c l a s s 
of b i n d i n g s i t e s w i t h t h e s a m e a f f i n i t y c o n s t a n t ) . The i n t e r c e p t on t h e 
B / F a x i s i s Kn (K) t h e c l a s s i c f i r s t a s s o c i a t i o n c o n s t a n t , a n d t h e i n t e r -
c e p t on t h e B a x i s i s n , t h e n u m b e r of b i n d i n g s i t e s . A s t r a i g h t l i n e 
in t h e p l o t i s i n d i c a t i v e of a s i n g l e b i n d i n g s i t e w h e r e a s , t h e c u r v a t u r e 
( b i p h a s i c c u r v e ) i n d i c a t e s d i f f e r e n t i n t r i n s i c c o n s t a n t s i . e . m o r e t h a n 
one c l a s s of b i n d i n g s i t e s . T h i s c u r v a t u r e may b e due to t h e n o n s p e c i f i c 
i n t e r a c i i o n s of t h e l i g a n d s or due to t h e p o o r a c c u r a c y of t h e p r o c e d u r e 
to o b t a i n t h e s p e c i f i c b i n d i n g s i t e s . N e v e r t h e l e s s , t h e c u r v e c a n b e 
r e s o l v e d in to two s t r a i g h t l i n e c o m p o n e n t s a f t e r e x t r a p o l a t i o n , h a v i n g 
one h i g h a n d t h e o t h e r low a f f i n i t y i n t r i n s i c c o n s t a n t s . T h e c o r r e c t i o n 
f a c t o r for n o n s p e c i f i c b i n d i n g s can a l s o b e a p p l i e d in o r d e r to g e t t h e 
main or t h e s p e c i f i c b i n d i n g s i t e . T h e m e t h o d of C h a m n e s s a n d McGui re 
(1975) w a s a d a p t e d to c o r r e c t t h e n o n s p e c i f i c b i n d i n g s of v a n a d i u m to 
s a r c o l e m m a and b a s e m e n t m e m b r a n e . Using c o r r e c t i o n f a c t o r , t h e b i p h a s i c 
c u r v e w a s c o n v e r t e d i n t o a s t r a i g h t l i n e h a v i n g a s i n g l e a f f i n i t y c o n s t a n t 
for t h e main b i n d i n g s i t e . 
4 . 2 . 6 SUBCELLULAR FEIACTIONATION STUDIES 
Homogenate c o n t a i n i n g m e m b r a n e v e s i c l e s of f rog s k e l e t a l m u s c l e 
w a s p r e p a r e d a c c o r d i n g to K i d w a i £t_ aj_. (1973) a n d i n c u b a t e d w i t h 1.0 
mg v a n a d i u m / 1 0 mg p r o t e i n a t 37°C for 2 h . S u b c e l l u l a r f r a c t i o n a t i o n 
w a s c a r r i e d out u s i n g s u c r o s e d e n s i t y g r a d i e n t c e n t r i f u g a t i o n a s d e s c r i b e d 
l O A 
by Klip and Walker (1983) . L a y e r s at i n t e r faces of different d e n s i t i e s 
w e r e - co l l ec ted by- pas teur . p i p e t t e . The upper compact l a y e r waz t h e 
plasma membrane, the middle more diffused l a y e r was sa rcop lasmic r e t i -
culum and the t h i r d l aye r v/as c o n s i d e r e d as mi tochondr ia (Kidwai et 
a l . , 1973). The contents of a l l t he l a y e r s vyere washed s e p a r a t e l y for 
at l e a s t two t imes by cent r i fugat ion at 100,000 g for 1 h in o r d e r to 
remove unbound vanadium. The bound vanadium in each f rac t ion was e s t i -
mated accord ing to Ta lv i t e (1953) . 
1.3 RESULTS Ift? 
4 . 3 . 1 INTERACTION OF CALCIUM 
Calcium content of sarcolemma and basement membrane were 
de te rmined following incubat ion wi th or wi thout calc ium. When calcium 
contents of the membrane p r e p a r a t i o n s were measured following incuba t ion 
in the absence of a d d e d ca lc ium, sarcolemma was found to conta in 5-
fold h ighe r l eve l s of i n t r a c e l l u l a r calcium than the basement membrane 
p r e p a r a t i o n s (Figure 4 . 1 ) . However , when both the p r e p a r a t i o n s were 
incuba ted with 5 mM calcium c h l o r i d e , basement membrane r e v e a l e d s i g n i -
f i can t ly h ighe r (1401) l e v e l s as compared to the sarcolemma (35%). 
4 . 3 . 2 INTERACTION OF VANADIUM 
From the r e s u l t s (Table 4.1) it was found tha t vanadium b i n d s 
v/ith sarcolemma as well as basement membrane in a concentra t ion d e p e n -
dent manner. The maximum binding was about 0.9 ug/mg p ro te in for both 
membrane p r epa ra t i ons when incuba ted with 1-2 mg vanadium at 37°C 
for 2 h . When the data were ca l cu l a t ed for bound (B) and free (F) l igands 
and analyzed using Sca tchard p l o t s , p lo t t ing B/F vs B, t h e b i p h a s i c 
cu rves with high and low a f f in i ty components were obta ined for both 
the p r e p a r a t i o n s (Figure 4.2 and 4.3 so l id l i n e s ) . This sugges ted that 
t h e r e ex i s t more than one c l a s s of binding s i t e s in sarcolemma and b a s e -
ment membrane as we l l . The af f in i ty cons tan ts A) and the concent ra t ion 
of the number of binding s i t e s (n) per mg p ro t e in were c a l c u l a t e d for 
high and low affinity components of the cu rves af ter t he i r e x t r a p o l a t i o n 
into s t r a i g h t l i n e s . The binding cons tan ts for high aff ini ty b inding s i t e 
7 -1 
were n = 3.8 nmol/mg p r o t e i n , K = 1.57 x 10 M for sarcolemma and 
7 - 1 
n = 4 . 1 nmol/mg p r o t e i n , K = 1.31 x 10 M for basement membrane 
r e s p e c t i v e l y . Their r e s p e c t i v e low af f in i ty b inding constants were n^ 
5 - 1 
= 11.4 nmol/mg p r o t e i n , K - 6.55 x 10 M and n^ = 12.8 nmol/mg p r o -
t e i n , K = 4.69 X 10 M . When c o r r e c t i o n factor was app l i ed in o r d e r 
to get t he i:inding cons tan ts for only one b inding s i t e ( i . e . the main 
binding s i t e ) , the b i p h a s i c c u r v e s were conver t ed into s t r a i g h t l ines 
(Figure 4.2 and 4.3 do t t ed l i ne s ) which a l lowed to ca lcula te the b inding 
cons tants for only one c l a s s of binding s i t e . The binding cons tants af ter 
c o r r e c t i o n are summarized in Table 4.2 along wi th high and low af f in i ty 
binding cons tan t s . 
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F i g . 4 . 1 Diagramatic i l l u s t r a t i o n of Calcium content and calciun- bi ; 
ing with frog s k e l e t a l muscle sarcolemma and baserr. 
membrane. Values p l o t t e d a r e :he mean of t h r e e scor.r 
e x p e r i m e n t s . 
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Table 4.1 
Vanadium binding wi th frog s k e l e t a l muscle sarcolemma and 
basement membrane 
Concentrat ion Binding (ug/mg p r o t e i n ' 
of Vanadium 
(;ig) Sarcolemma Basement membrane 
50 0 . 2 0 4 ± 0 .022 0 .210 ± 0 . 0 1 9 
100 0 .296 ± 0 . 0 3 1 0 . 2 7 7 ± 0 . 0 2 8 
200 0 .332 ± 0 .036 0 . 3 5 1 ± 0 . 0 3 7 
500 0 .485 ± 0 .050 0 .443 ± 0 . 0 5 0 
1000 0 . 8 6 7 ± 0 .079 0 .886 ± 0 . 0 9 1 
2000 0.821 ± 0.082 0.885 ± 0.087 
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F i g . 4 . 2 : Sca tcha rd p lo t of the data for t h e b i n d -
ing of vanadium to frog s k e l e t a l muscle 
sarco lemma. B i s t he concent ra t ion of 
bound and F is t he concent ra t ion of 
f ree vanadium. Dotted s t r a i g h t l ine was 
ob ta ined a f te r a p p l y i n g co r rec t ion factor 
for non-spec i f ic b inding s i t e s showing 
the p re sence of one major binding s i t e . 
Each point r e p r e s e n t s the mean of t h r e e 








l O ' 
0 
2.0 4.0 6.0 8.0 
Bound (|ug/ml) 
F i g . 4 . 3 : Sca tchard p lo t of t h e data for t h e b inding of vanadium 
to frog s k e l e t a l muscle basement membrane. Dotted 
s t r a i g h t l ine was obta ined a f te r app ly ing co r r ec t i on 
factor for non-spec i f i c b inding s i t e s showing the p r e -
sence of one major binding s i t e . Each point r e p r e s e n t s 
the mean of t h r e e s e p a r a t e e x p e r i m e n t s . 
lU 
Table 4.2 
Affinity cons tan ts for vanadium binding wi th frog 
ske l e t a l muscle sarcolemma and basement membrane 
Constants Sarcolemma Basement membrane 
High aff ini ty 
K, 1.57 X 10 
3.8 
1.31 X 10 
4.1 
7 
Low aff in i ty 
K. 6.55 X 10 
11.4 
5 4.69 X 10" 
12.8 
After cor rec t ion 
K 
n 
Z. 14 X 10 
3.1 
2.65 X 10 
2.S 
K M n - mol/mg p ro te in 
The high and low aff ini ty cons tan ts for vanadium binding were calcu. ed 
from Scatchard p l o t s ; Figure 4.2 and 4.3 for sarcolemma anc oas..... : 
membrane r e s p e c t i v e l y and af ter co r r ec t ion t h e i r r e s p e r t i v e ccr.stan: 
w e r e ca lcu la ted from Figure 4.4 and 4 . 5 . 
Values r e p r e s e n t mean of t h r e e exper i r . en t s . 
m 
Vanadium binding a n a l y s i s in s k e l e t a l muscle s u b c e l l u l a r f r ac t ions 
ob ta ined from dens i ty g r ad i en t cent r i fugat ion r e v e a l e d ub iqu i tous d i s t r i b u -
t ion of vanadium in a l l t he f r a c t i o n s . However, mi tochondr ia l f rac t ion 
showed r e l a t i v e l y lower b inding when ca l cu la t ed in terras of p e r mg 
p r o t e i n (Table 4 . 3 ) . The plasma membrane f rac t ion ind ica t ed t h e p r e s e n c e 
of h i g h e r vanadium concen t r a t i ons . 
4 . 3 . 3 INTERACTION OF PESTICIDE AND FOOD COLOUR DYE 
_ Sarcolemma as well a s basement membrane r e v e a l e d s ign i f ican t 
b inding v/ith endosulfan and metanil yel low (F igure 4 . 4 ) . The binding 
of t h e s e toxicants when ca l cu la t ed in te rms of pe r mg p r o t e i n was more 
in sarcolemma as compared to basement membrane. Higher l e v e l s of b i n d -
ing of metanil yellow wi th membrane p r e p a r a t i o n s could be due to i t s 
water s o l u b i l i t y , whe reas endosulfan i s v e r y l i t t l e so luble in v /a ter . 
Hov/ever, fur ther s t ud i e s wi th metanil yellow r e v e a l e d t h a t following 
incubat ion with sarcolemma if the p r e p a r a t i o n tho rough ly washed and 
t r e a t e d with l-d SDS to remove major i ty of i n t r a c e l l u l a r mater ia l including 
plasma membrane, the remaining binding was almost equ iva len t to tha t 
found in the basement membrane p r e p a r a t i o n . Th i s suggests t h a t basement 
membrane is the pr ime t a rge t s i t e of the b ind ing . 
4 . 3 . 4 INTERACTION OF ORGANOTIN COMPOUNDS 
Organotin compounds were founa to b ind wi th sarcolemma anc 
basement membrane. The binding of d i b u t y l t i n d i c h l o r i d e was more a:: 
compared to t r i b u t y l t i n c h l o r i d e wi th both membrane p r e p a r a t i o n s when 
incubated with 500 ^M of e i t h e r compound at 37°C fo'i' 30 min (Table 
4 . 4 ) . F u r t h e r , the r e s u l t s r e v e a l e d tha t per mg p r o t e i n b inding of uot.. 
organot in compounds was more with basement membrane as compared to 
sarcolemma whi rh is ?n i n d i c i i i v e of the fact t;:at p e r h a p s t h e bas -nent 




Vanadium binding in Subcel lu lar f rac t ions of frog s k e l e t a l muscle 
ob ta ined by d e n s i t y g rad ien t cent r i fuga t ion 






Plasma membrane 24.87 ± 3.84 27.62 ± 3.23 1.11 ± 0.13 
Sarcoplasmic 
re t i cu lum 
4 .73 ± 0 . 42 4 . 7 6 ± 0 . 5 0 1.01 ± 0.09 
Mitochondria 13.45 ± 2.02 1.57 ± 1.09 0 . 6 4 ± O.Oi 
Muscle homogenate containing v e s i c l e s was incubated with vanadate (1 
mg vanada t e /ml ) at 37°C for 2 h . After incubat ion the whole homogenate 
was sub jec ted to sucrose dens i ty g rad ien t cent r i fugat ion as d e s c r i b e d 
in ma te r i a l s and methods . 
Values a r e mean ± S.D. from t h r e e s e p a r a t e de te rmina t ions 
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Fig . 4 .4 : Diagramatic r e p r e s e n t a t i o n of the b inding of endosulfan 
and metanil yellow with frog s k e l e t a l muscle sarcolemma 
and basement membrane. Each point r e p r e s e n t s the mean 
of t h r e e s e p a r a t e exper imen t ' s . 
V'i 
Table 4 .4 
Binding of organotin compounds with frog ske l e t a l muscle 
sarcolemma and basement membrane 
Compounds Binding (nmol/mg p ro te in ] 
Sarcolemma Basement membrane 
Dibu ty l t in 22.5 ± 2 . 1 30.0 ± 3.6 
d i c h l o r i d e 
T r i b u t y l t i n 20.3 ± 2 .7 27.5 ± 2.2 
c h l o r i d e 
Values are mean ± S.D. from t h r e e s e p a r a t e e x p e r i m e n t s , 
i\A DISCUSSION J 1 K 
Calcium is known to involve in many c e l l u l a r p r o c e s s e s inc luding 
e x c i t a t i o n and contrac t ion phenomenon of musc les . Sarcolemma p l a y s an 
impor tan t ro le in the regu la t ion of i n t r a c e l l u l a r calcium ion concen t ra t ion 
dur ing t h i s pehnomenon. For t h i s p u r p o s e , t h e r e e x i s t a Ca-pump which 
maintain Ca homeostas is in the c e l l . Calcium can be pumped by Ca 
-ATPase and also via Na and Ca exchange p r o c e s s (Lamers and S t i n i s , 
++ 1981; V/ibo e^ a_l_. , 1981). Ca -pumping ATPase has been r e c e n t l y shown 
as an in tegra l component of s k e l e t a l muscle sarcolemma (Micholac et_ a l . , 
1984). The h igher content of calcium in sarcolemma may be due to t h e 
fact t h a t it is invo lved in the regu la t ion of muscle con t rac t ion along 
wi th sa rcop la smic re t iculum (V/eber and Murrav , 1980). Whether basement 
membrane p lays any ro l e in t h i s p r o c e s s is comple te ly unknown. E x t r a -
ce l l u l a r calcium when added jji v i t r o , were found to bind p r e f e r e n t i a l l y 
to basement membrane p r o b a b l y because of i t s e x t e r n a l loca t ion . It may 
be p o s s i b l e that t h e r e ex i s t some s t r u c t u r a l components of basement 
membrane which function along with o t h e r sarcolemmal s t r u c t u r e s in the 
regu la t ion of i n t r a c e l l u l a r calcium concen t r a t ion . T h e r e f o r e , the b inding 
of calcium to basement membrane should be taken as the b a s i s to e x p l o r e 
i t s r egu l a to ry role in many ce l lu la r funct ions . 
Vanadate is a well known i n h i b i t o r of Na + K -ATPase and o the r 
membrane bound enzymes (Cantley et_ a_l_. , 1977; O'Neal et_ a l . , 1979). 
I ts toxic effect in man and animals have been well documented. T h e r e f o r e , 
the in te rac t ion of vanadium with b io logica l e n t i t i e s a r e of grea t i n t e r e s t . 
I so l a t ed ske le ta l muscle sarcolemma and basement membrane were used 
as models to s tudy the in te ra t ion of vanad ium. Binding s t u d i e s when 
c a r r i e d out _in_ v i t r o and ana lyzed by S c a t c h a r d p l o t s , the h igh and low 
af f in i ty binding s i t e s in sarcolemma and basement membrane were o b t a i n e d . 
Th i s suggests the e x i s t e n c e of more than one binding s i t e r e s p o n s i b l e 
for binding of vanadium. Applying co r r ec t i on factor to minimize the non-
spec i f i c binding s i t e s , t he b i p h a s i c cu rve \ / a s conver ted into a s t r a i g h t 
l ine suggesting tha t t h e r e e x i s t at l eas t one major binding s i t e in s a r c o -
lemma as well as in basement membrane. T h i s binding s i t e i s p e r h a p s 
r e s p o n s i b l e for the binding of most of t h e bound vanadium s t r o n g l y . 
The binding constants obta ined after c o r r e c t i o n were a l so s imi la r to t h e 
h igh af f in i ty constants suggest ing the e x i s t e n c e of a strong binding s i t e 
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for vanadium in these membranes . The p o s s i b i l i t y of the p r e s e n c e of 
h igh af f in i ty binding s i t e in basement membrane could be more as i t 
i s p r e s e n t ex te rna l to pldaiaa membrane. Th i s p r o b a b i l i t y could be conf i rm-
ed or improved upon by fu r the r using the i s o l a t e d components of basement 
membrane for binding s t u d i e s of vanadium. Addi t ional s t u d i e s on the 
b inding of vanadium wi th subce l l u l a r components of s k e l e t a l muscle r e -
v e a l e d t h a t vanadium whi l e en te r ing into the ce l l gets b ind to basement 
membrane , plasma membrane and af ter en ter ing into the cel l could a lso 
b ind to sa rcoplasmic re t icu lum and mi tochondr i a . The in t e r ac t ion of vana-
dium with plasma membrane and s a r c o p l a s m i c re t icu lum enzymes may 
lead to the conformational changes and t h e r e b y i n h i b i t i o n of t h e s e enzymes . 
Vanadate induced conformational changes and the formation of two-d imen-
sional c r y s t a l l i n e a r r a y s of Ca -ATPase molecules has been shown in 
s a r cop l a smic ret iculum membrane v e s i c l e s of s k e l e t a l muscle (Dux and 
Mar tonos i , 1983). Vanadate a l so caused the i nh ib i t i on of Ca -ATPase 
and o the r enzymes of frog s k e l e t a l muscle sarcolemma (Chap te r I I I . The 
i n h i b i t i o n of membrane bound enzymes is b rough t about by the oinding 
of vanadium (Vanadate) with the enzyme molecule . Vanadate has been 
+ 4-
shov/n to bind with .one high and one low a f f in i ty s i t e of Na + K -ATP-
-9 -7 
ase wi th the d i s soc ia t ion cons tants 4x10 M and 5x10 M r e s p e c t i v e l y 
(Post et_ al • , 1979). Our r e s u l t s a r e a lso in agreement with t h e s e f indings 
suggest ing that the i nh ib i t i on of membrane bound enzymes could be due 
to the binding of vanadate wi th enzymes p re sen t in the plasma membrane. 
However , Nechav,Gn_ a l . (1986) have r e c e n t l y shown tha t vanadium comp-
o u n d s , b e s i d e s binding to membranous components , can a lso b ind to some 
endogenous p h o s p h a t e , c a r b o x y l and amino- l igands p r e s e n t i n s ide the 
c e l l . In the present s t u d y the b inding of vanadium with basement mem-
brane was c a r r i e d out for the f i r s t t ime . T h i s s tudy suggest t h a t the 
c e l l s having an outer l a y e r of basement membrane (such as s k e l e t a l muscle , 
lens c a p s u l e , k idney co r t ex e t c . ) could p l ay s ignif icant p r o t e c t i v e ro le 
aga ins t some xenobiot ics en ter ing into the c e l l . 
Higher binding of endosulfan with sarcolemma suggest t ha t the 
p e s t i c i d e binds more f avou rab ly to the l i p o p r o t e i n complexes of plasma 
membrane. Whereas , basement membrane does not contain any l i p o p r o t e i n . 
The binding of endosulfan with l i p i d moie t ies of the membrane might 
be due to i t s h y d r o p h o b i c na ture and poor s o l u b i l i t y in aqueous s o l v e n t s . 
?n shown to bind wi th a lbumin In g e n e r a l , ch lo r ina t ed i n s e c t i c i d e s have beer 
and l i p o p r o t e i n s of blood ( Jakubowsk i and C r o w d e r , 1973; S k a l s k y and 
G u t h r i e . 1978). 
Metanil ye l low, sodium or calcium sa l t of n( p - a n i l i n o p h e n y l )azo 
benzine sulfonic ac id is a non p e r m i t t e d food colouring dye commonly 
used in e d i b l e s . It is known to b ind wi th food stuffs ( S r i v a s t a v a et_ 
a l . , 1978). \7hen admin i s t e r ed in e x p e r i m e n t a l animals i t causes t o x i c i t y 
(Khanna et_ aj_. , 1978). The t i gh t b inding of metanil yellow to s k e l e t a l 
muscle membrane suggest tha t i t could lead to an a l t e r e d membrane s t r u c -
tu re and affect i t s funct ions. The changes b rough t about wi th in membra-
nes a r e yet to be c h a r a c t e r i z e d . 
Organotin compounds a r e well knovvn to p roduce the i r tox ic effects 
in b io logica l s y s t e m s . The t o x i c i t y of d i - and t r i a l k y l t i n compounds 
differ c o n s i d e r a b l y (Selwyn £t_ a l . , 1970; A l d r i g e , 1977; Penninks and 
Seinen, 1980). The in te rac t ion of organot in compounds with s k e l e t a l muscle 
sarcolemma and basement membrane may lead to some profound s t r u c t u r a l 
a l t e r a t i o n s in membrane and t h e r e b y i t s func t ions . Our r e s u l t s sugges ted 
that p r o b a b l y the basement membrane i s t h e f i r s t s i te of i n t e r a c t i o n 
v/ith organotin compounds. However, in t h i s d i r e c t i o n , more d e t a i l e d 
s t u d i e s a re needed to find out the actual s i t e of i n t e r ac t i on . Tan and 
Ng, (1977) have pointed out tha t organot in compounds produce d i s r u p t i \ ' e 
effects on muscles and ne rves of i s o l a t e d neurom.v,5Cular p r e p a r a t i o n . 
In muscle , t r i e t h y l t i n causes d i so rgan i za t i on of f i lamentous s t r u c t u r e 
of muscle f i b e r s . The regular p e r i o d i c i t y in t h e arrangement of muscle 
f i b e r s is lost and Z d i s k s a p p e a r to be d r i f t i n g . These o b s e r v a t i o n s 
were a lso in agreement wi th those r e p o r t e d b y Graham et_ a l . (1976) . 
The dep le t ion of microtubules by t r i e t h y l t i n may be s ignif icant in p r o d u c -
ing p a r a l y s i s as well as other symptoms such as Trembling and i r r i t a t i o n 
(Tan and Ng, 1977). Fu r the r binding s t u d i e s at molecular leve l on organo-
t in compounds using ske l e t a l muscles a r e needed to unde r s t and the mecha-
nism of t h e i r toxic e f f ec t s . 
It i's concluded tha t the involvement of membranes as loci of 
ac t ion of xenobio t ics can be c o n s i d e r e d as convenient t e s t sys t ems for 
screening the t o x i c i t y of c h e m i c a l s . The ro l e of basement membrane in 
p ro tec t ing cel l i n t e g r i t y and i t s function can be well unde r s tood . Moreover , 
non- toxic agents c a p a b l e of p ro tec t ing membrane damage aga ins t tox ic 
chemica ls may offer promising area in s ea r ch ing the r e m e d i e s . 
CHAPTER V 
STUDIES ON MEi'^ BRANE DAMAGING POTENTIAL OF 
PHOTOSENSITIZED RIBOFLAVIN: 
INVOLVEMENT OF ACTIVATED OXYGEN SPECIES 
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5.1 INTRODUCTION 
Vitamins a re common micronu t r i en t s r e q u i r e d to maintain metabo-
l ic ba l ances in s ide the c e l l . Riboflavin (Vitamin B ) is a d e r i v a t i v e 
of i soa l loxoz ine and made by a l l p l an t s and many microorganisms but 
not by h igher an imals . In human, i t s da i l y r equ i r emen t i s a p p r o x i -
mately 1.8 - 3,0 mg. It is w ide ly d i s t r i b u t e d in human t i s s u e s , s k i n , 
mi lk , egg and blood both in free and conjugated fo rms . In conjugated 
form, i t occurs as a component of the coenzymes f lav in mononucleotide 
(FMN) and f lavin adenine d inuc leo t ide (FAD) w h e r e i t functions as p r o s -
t h e t i c group for e l e c t r o n - t r a n s f e r r i n g p r o c e s s e s of c e r t a i n o x i d a t i v e 
enzymes . 
It has long been suspec t ed that r i b o f l a v i n is p h o t o b l e a c h e d 
and can act as p h o t o s e n s i t i z e r for ox ida t i on of c e r t a i n a m i n e s , amino 
ac id s and aromatic compounds ( F r i s e l l et_ a]^. , 1959; S luy te rman , 1962). 
The above events were found to be dependent on t h e a v a i l a b i l i t y of 
l ight and the a tmosphe r i c oxygen. Bes ides r i b o f l a v i n , s e v e r a l o the r 
dyes have also been used as a s e n s i t i z e r in the pho toox ida t i on of some 
amino a c i d s in p ro te ins and enzymes S luy te rman , 1962. Photooxida t ion 
of p r o t e i n s and enzymes by the use of s e n s i t i z e r s was c o n s i d e r e d to 
be a free r ad ica l mediated phenomenon. The d y e - s e n s i t i z e d p h o t o - i n a c t i -
vat ion of enzymes assume s ignif icance in invc l igat ion o: functional im-
por tance of amino ac id r e s i d u e s a c t i v e l y in\- .•/ed in c a t a l y s i s m d + 
unde r s t and the molecular mechanism of t h e i r phototoxi . . effec: . The 
i n t e r p r e t a t i o n of exper imen ta l r e s u l t s is h i n d c ' e d by t; . lack of know-
ledge concerning p r i m a r y even t s of s e n s i t i z a t i o n anc genera t ion of fr ? 
r a d i c a l s in a long cha in of the reac t ion seq-. nee and of a r a t iona le 
for the se lec t ion of a p h o t o s e n s i t i z e r . Ribofir. ..n, because of i t s r 
vance in phys io log ica l p r o c e s s e s and a ,so because of i t s a b i l i t v to 
p rodvce ac t ive oxygen s p e c i e s ( O and O^" e t c . ) , is c o n s i d e r e d to 
be a su i t ab l e s e n s i t i z e r to i nves t i ga t e the p o s s i b l e mechaninm of photo-
ox ida t ion of bioiogical e n t i t i e s ( Pathak and J o s h i , 1984a: J o s h i , 1985). 
Inves t iga t ions have d i s c o v e r e d that r i b o f l a v i n e x e r t s i t s toxic 
effects and in jur ies leading to the cel l de.ith upon e x p o s u r e to v i s i b l e 
l igh t in presence of oxygen (Webb e_^  aj_. . 1967; Penzer , 1970; Brad iy 
and S h a r k e v , 1977; V/ang and Nixon, 1978 1 and induces mutation in 
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microorganisms (Brad ly and S h a r k e y , 1977). The tox ic effects of p h o t o -
sens i t i z ing agents including r i b o f l a v i n a r e mainly known to occure on 
genet ic m a t e r i a l , the DNA (Cech e^ al_. , -1970; C o l e , . 1971; D a l l ' A q u a , 
e^ aj_. , 1979; Pathak and J o s h i , 1984b; J o s h i , 1985). The mode of p h o -
to toxic ac t ion of r ibo f l av in has been a t t r i b u t e d to the format ion of 
a c t i v e oxygen spec i e s upon i r r a d i a t i o n by energy t r ans fe r from p h o t o -
e x c i t e d r i bo f l av in to molecular oxygen (Pa thak and J o s h i , 1984 a ) . The 
free r a d i c a l s generated from p h o t o s e n s i t i z e d r i b o f l a v i n may b r ing about 
genet ic a l t e r a t i o n leading to genotoxic effects (Kor ycka-Dahl and R i c h a r d -
son, 1980). 
Since biomembranes a r e the p r ime ta rge t s i t e s for xenob io t i c 
ac t ions and they a re r i c h in p ro t e in s and l i p i d s t ha t cons t i t u t e and 
p r o v i d e a su i t ab l e environment for many enzymes to function, t he p h o t o -
induced inac t iva t ion or i n h i b i t i o n of enzymes and the extent of c e l l u l a r 
damage caused by p h o t o - e x c i t e d r i b o f l a v i n a re of i n t e r e s t . Severa l 
s t ud i e s have been c a r r i e d out using va r ious s e n s i t i z e r s o ther than r i b o -
f lavin following inac t iva t ion of membrane bound enzymes and c e l l u l a r 
damage due to t he i r photo tox ic e f fec t s . It has been pointed out tha t 
the i n h i b i t i o n of enzymes was media ted by a free r ad i ca l mechanism 
as a consequence of the formation of l i p i d p e r o x i d e s in the membrare 
(Ki:ao and Hattori , 1983; G i ro t t i , 1983; Emilini and Delmel le , 1983 
Girot t i £ 1 aj_. , 1985; Tsai c^ aj_. , 1985; Hebbel e_^  aj_. , 1986). Howe--er 
no sucii s tudy is a v a i l a b l e on the ac t ion of p h o t o s e n s i t i z e d r i b o f l ^ v : 
on the i nh ib i t i on mechanism of membrane bound enzvmes . 
The re fo re , t he p resen t s tudy ha;: been unde r t aken :r e l u c i d a t e 
the DO: :ble mechanism of act ion of p h o t o s e n s i t i z e d r i b o f l a v i n on h u r . : 
^ ry th ro i .-te and frog ske l e t a l muscle sarcolemmal membrane. The invol 
ment of oxygen r a d i c a l s prod- ?d by photo-^: xc i ted r ibo f l av i ; . in m e : -
brane iamaging p r t e n t i a l s h r. . . been z a l y z e d foil., win^ in;-.:"_; 11 ion c; 
membrane bound enzymes anc for.'r.^tio;, l ip i ; - pe rox ide i : in •he mem.-
b r a n e . The c m p a r a t i v e effec:s of r i bo f l av in in . gh t - i nduced in::.ctivatic 
of enzymes oi the two t y r e s of membranes was chosen to th row mor ; 
l ight in the d i r ec t i on of any p o s s i b l e p r o t e c t i v e ro l e of basement mem-
brane p resen t in sarcolemma. 
5.2 MATERIALS AND METHODS 1 2 0 
5 . 2 . 1 CHEMICALS 
R i b o f l a v i n , N , N - d i m e t h y l p - n i t r o s o a n i l i n e ( R N O ) , N i t r o b l u e 
t e t r a z o l e u m ( N B T ) , 1 , 4 - d i a z o b i c y c l o (2,2,2) o c t a n e (DABCO), Sod ium 
a z i d e , s u p e r o x i d e d i s m u t a s e a n d h i s t i d i n e w e r e o b t a i n e d f rom Sigma 
C h e m i c a l Co . , USA. All o t h e r c h e m i c a l s a n d r e a g e n t s u s e d t h r o u g h o u t 
t h e s t u d y w e r e of a n a l y t i c a l r e a g e n t g r a d e p r o c u r e d f rom E. M e r c k , 
BDH or S igma . 
5 . 2 . 2 . IRRADIATION 
I r r a d i a t i o n e x p e r i m e n t s w e r e c a r r i e d out w i t h d i r e c t s u n l i g h t 
on s u n n y d a y s p r e f e r a b l y b e t w e e n 10 .30 a n d 11 .30 A .M. U l t r a v i o l e t a n d 
v i s i b l e s p e c t r a w e r e r e c o r d e d on a B a u s c h a n d Lomb S p e c t r o n i c 1001 
o r a p y e - U n i c h e m - 8 0 0 U V / V i s i b l e S p e c t r o p h o t o m e t e r u s i n g q u a r t z c e l l s 
of 1 cm p a t h l e n g t h . 
5 . 2 . 3 DOSIMETRY 
The UV-A a n d UV-3 i n t e n s i t y of s u n l i g h t w e r e m e a s u r e d bv 
an I n t e r n a t i o n a l L i g h t l L - 7 3 0 UV-Act in ic r a t i o u n d e r I n t e r n a t i o n a l L i g h t 
C o m p a n y , N e w b u r y p o r t , M a s s , USA, e q u i p p e d w i t h a c a l i b r a t e d a n d c o s i n e -
c o r r e c t e d u l t r a v i o l e t r a d i a t i o n d e t e c t i n g p r o b e . Su . l i g h t p r o d u c e d an 
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aver-, .ge u l t r a ' . " io i e t r a d i a t i o n of a p p r o x i m a t e l y 1.2 t O. i x 10 er~sfrr. . 
s e c in uV/A r a n g e ( 3 2 0 - 4 0 0 nm) . l i a l s o p r o d u c e d a p p r o x i m a t e l y : . 
± 0 . 1 X 10 e r g s / m m " / s e c of UV-B {2S5-320 n m ' r a n g e u n a e r s i m i l a r 
c o n d i t i o n s . The r e s u l t s of s u n l i g h t i n t e n s i t y m e a s u r e m e n t s w e r e aLr: 
c o n f i r m e d b y c h e m i c a l a c t i n o m e t r y ( H a t c h a r d a n d P a r i u r , T 56 ) . 
5 . 2 . 4 SINGLET OXYGEN MONITORING 
F o r m a t i o n of s i n n l e t o x y g e n ('-^7 ) w a s d c t e r m i r . ' . a in a q u e o u s 
s o l u t i o n s b y t h e m e t h o d of K a r l j i c and E l M o h s n i ( 1 9 7 8 ) . RNO s o l u t i o n 
_2 
w a s p r e p a r e d in 0 .01 M p h o s p h a t e b u f f e r , pH 7 . 0 . H i s t i d i n e (1x10 " M ' 
w a s a d d e d to t h e RNO s o l u t i o n a s a s e l e c t i v e a c c e p t o r of 0- , . S iock 
s o l u t i o n of r i b o f l a v i n (1 m g / m l ) w a s p r e p a r e d in d i m e t h y l s u l f o x i d e 
(DMSO). I r r a d i a t i o n of RNO s o l u t i o n s w a s p e r f o r m e d w i t h v a r i o u s c o n c e r -
t r a t i o n s of r i b o f l a v i n ( 0 . 1 - 2 . 0 a ig /ml) a t 0-60 min s u n l i g h t e x p o s u r e . 
S i n g l e t o x y g e n fo rms a t r a n s - a n n u l a r p e r o x i d e i n t e r m e d i a t e c o m p l e x w i t h 
m 
h i s t i d i n e leading to the b leaching of RNO which was then measured spi?c-
t r o p h o t o m e t r i c a l l y at 440 nm. The genera t ion of O in t h e r eac t i on 
sys tem was f u r t h e r ~ e s t a b l i s h e d by examining the reac t ion k i n e t i c s in 
D^O and by ca r ry ing out quenching s t u d i e s wi th sodium az ide (Foote 
et a l . , 1972) and DABCO (Quanne and Wilson, 1968) . D O i s known to 
prolong the l ife time of s ingle t oxygen (Kearns , 1979) and t h e r e f o r e 
h ighe r degree of pho to-chemica l a l t e r a t i o n s a r e e x p e c t e d . 
5 . 2 . 5 SUPEROXIDE RADICALS MONITORING 
Formation of s u p e r o x i d e r a d i c a l anion ( O ^ ' ) was s t u d i e d by 
monitoring the pho tosens i t i zed reduc t ion of NBT wi th some modif ica t ions 
(Beauhamp and F r i d o v i c h , 1971). Reduction of NBT by O ~ l eads to 
the formation of a blue coloured p roduc t (n i t ro blue formazan) wh ich 
is q u a n t i t a t i v e l y e s t ima ted s p e c t r o p h o t o m e t r i c a l l y at 560 nm. A 1.67 
-4 X 10 M solut ion of NBT was p r e p a r e d in ca rbona te buffer (0 .01 M, 
pH 10) containing 10-20% DMF to keep the r e a c t i o n product in so lu t ion . 
Ten ml solut ions were i r r a d i a t e d vvith va r ious concent ra t ion of r i b o f l a v i n 
in sunl ight for va ry ing length of t ime. F u r t h e r ev idences for the gene ra -
tion of O • were ob ta ined by performing quenching s tud ies wi th s u p e r -
ox ide d ismutase (McCord and F r idoVich , 1969). 
5 .2 .6 PREPARATION OF ERYTHROCYTE MEMBRANE 
C i t r a t e d fresh human blood ob ta ined from local blood bank was 
washed t h r e e t imes wi th 5 mM p h o s p h a t e buffer (pH 8.0) p r e p a r e d in 
i sotonic sodium c h l o r i d e so lu t ion . Buffy coat was a s p i r a t e d out and 
c reamy whi te e r y t h r o c y t e membrane p r e p a r e d as d e s c r i b e d by Dodge 
e^ al_. , (1963) . 
5.2.7 PREPARATION OF SARCOLEMMA 
Sarcolemma was p r e p a r e d from frog s k e l e t a l muscle by toluene 
t rea tment and l i th ium bromide e x t r a c t i o n p r o c e d u r e . The d e t a i l s of the 
p r o c e d u r e have been d e s c r i b e d in C h a p t e r - I I . 
5 . 2 . 8 PHOTOSENSITIZATION OF MEMBRANE IN PRESENCE OF RIBOFLAVIN 
E r y t h r o c y t e membrane (2 .5 mg p r o t e i n / m l ) and sarcolemma (5 .0 
mg p r o t e i n / m l ) were exposed to sun l igh t wi th vary ing concent ra t ions 
of r i b o f l a v i n (gene ra l l y for 30 min) . Sunlight e x p o s u r e was c a r r i e d 
out in a t r a n s p a r e n t g l a s s container in melting ice b a t h . At the end 
m 
of e x p o s u r e , a p p r o p r i a t e a l i quo t s of p h o t o s e n s i t i z e d membrane p r e p a r a -
t ions were taken out in o r d e r to s t a r t the r eac t ion for t h e a s s a y of 
enzymes . Controls were run simulLa;neou3l y under d a r k ds well as under 
sun l igh t with and wi thout r i b o f l a v i n , r e s p e c t i v e l y . To s t u d y the effect 
of q u e n c h e r s , a p p r o p r i a t e amounts of quenche r s were a d d e d p r i o r to 
sun l igh t exposure of the membrane p r e p a r a t i o n . Respec t ive con t ro l s were 
a lso run s imul taneous ly . 
5 . 2 . 9 ENZYME ASSAYS 
Protein was de te rmined by the method of Lowry et_ al_. , (1951) . 
ATPase (E.G. 3 . 6 . 1 . 3 ) a c t i v i t i e s of e r y t h r o c y t e membrane were measured 
accord ing to the method of Hanahan and Ekholm (1978) . For Ca i- Mg 
ATPase, reac t ion mix ture contained 100 mM t r i s -HCl buffer (pH 7 . 5 ) , 
3 mM MgCl , 80 mM NaCl, 30 mM KCl. 3 mM ATP, 50 pM CaCl and 
a p p r o p r i a t e amount of enzyme p r e p a r a t i o n ( a p p r o x i m a t e l y 0.5 mg membrane 
p r o t e i n ) . The incubat ion was c a r r i e d out at 37°C for 1 h . For the a s s a y 
of Na"^  + K"*"-ATPase a c t i v i t y , in p lace of CaCl , 1 m.M EGTA was a d d e d 
and ouabain s e n s i t i v e ATPase a c t i v i t y was taken as the dif ference betv/een 
the a c t i v i t y in absence and in p resence of 1 mM ouaba in . L i b e r a t e d 
Pi was measured by the method of F i ske and SubbaRow (1925) . Specific 
a c t i v i t i e s were e x p r e s s e d as )jmoles of Pi l i b e r a t e d pe r mg p ro te in 
per hour under spec i f i ed cond i t i ons . 
p -Ni t ropheny l p h o s p h a t a s e (E .G. 3 . 1 . 3 . 1 6 ) was a s s a y e d according 
to Heller and Hanahan (1972) . Assay sys tem contained 50 mM t r i s -HCl 
buffer (pH 7 . 5 ) , 5 mM MgCl , 10 mM KCI and 5 mM p - n i t r o p h e n y l p h o s -
p h a t e . The reac t ion was s t a r t e d by adding 200-500 ^g membrane p ro te in 
and incubat ion at 37°C for 30 min. Reaction was t e rmina ted by 0.5 N 
NaOH and colour i n t ens i t y measured a t 420 nm using p - n i t r o p h e n o l as 
ex terna l s t a n d a r d . Units of enzyme a c t i v i t y was e x p r e s s e d as umoles 
of p -n i t ropheno l formed during 1 h under the s p e c i f i e d cond i t i ons . 
Ace ty l cho l ines t e r a se (E .G. 3 . 1 . 1 . 7 ) in e r y t h r o c y t e membrane 
was a s sayed accord ing to Hestr in (1949) . Reaction mix ture conta in-
ing 67 mM p h o s p h a t e buffer (pH 7 . 2 ) , 4 mM a c e t y l c h o l i n e c h l o r i d e and 
s u i t a b l y d i lu ted membrane p r e p a r a t i o n (80-100 ]xg p ro t e in ) was incubated 
at 37°C for 15 min. The reac t ion was s topped by a l k a l i n e - h y d r o x y l a m i n e 
reagent and the colour was read at 540 nm following the add i t i on of 
6N HCl and 0.37 M FeCl so lu t ion . Specif ic a c t i v i t i e s were e x p r e s s e d 
as ;amoles of a ce ty l cho l i ne per m.g p ro te in per hou r . 
in 
Enzymatic a c t i v i t i e s of sarcolemmal enzymes were measured as 
d e s c r i b e d in C h a p t e r - I l l and e x p r e s s e d in the same manner. 
5 .2 .10 LIPID PEROXIDATION ASSAY 
e t . a l . , 
Method of Wright_/_ (1981 ) was followed for the a s s a y of l i p i d 
p e r o x i d a t i o n . The p rocedure involved measurement of the enhanced leve l 
of m a l o n a l d e h y d e . L ip id p e r o x i d a t i o n was measured following i r r a d i a t i o n 
of e r y t h r o c y t e ghosts (2 .5 mg p ro t e in ) in 1.0 ml of Ca f ree 0.1 M 
-4 
p h o s p h a t e buf fe r , pH 7 . 0 , containing 10 M MgCl and 0 to 10 )ig r i b o -
f l av in for 30 min at 0°C under sun l igh t . 
5.3 RESULTS 
5 . 3 . 1 PRODUCTION OF SINGLET OXYGEN 
The a b i l i t y of r i b o f l a v i n to produce O^ by p h o t o s e n s i t i z a t i o n 
r eac t ion mechanism was de te rmined at 440 nm in p re sence of h i s t i d i n e 
(10 M), a s e l ec t i ve accep to r of O . The r a t e s of O^ produc t ion 
wi th va r ious concent ra t ions of r i bo f l av in (0-5 ;ag/ml) i s ev iden t from 
Fig . 5 . 1 . A l inear r e l a t i o n s h i p was found between the s ing le t oxygen 
produc t ion and the concent ra t ion of r i bo f l av in upto the leve l of 5 pg/ml 
at 5 min e x p o s u r e . F u r t h e r k ine t i c s t u d i e s i n d i c a t e d a sun l igh t d o s e -
dependent s inglet oxygen product ion by p h o t o s e n s i t i z e d r i b o f l a v i n (2 .0 
yLg/ml) upto 10 min ( F i g . 5 . 2 ) . 
5 . 3 . 2 PRODUCTION OF SUPEROXIDE ANION RADICAL 
The supe rox ide anion r a d i c a l (O ' ) p roduc t ion by p h o t o s e n s i t i z e d 
r i bo f l av in is shown in F ig . 5 . 3 . This was monitored by measuring the 
op t i ca l dens i ty of d in i t ro io rmazan which is formed by the reduc t ion 
of n i t rob lue te t razoleum due to O * . A l inear r e l a t i o n s h i p was found 
between the product ion of O ' and concent ra t ion of r i b o f l a v i n upto 4 
jag wi th a sunl ight e x p o s u r e of 5 minutes . The p h o t o s e n s i t i z e d generat ion 
of O • was a lso s tud i ed at va r ious i n t e r v a l s of i r r a d i a t i o n time (O-IO 
min) using 1.0 ;ag r i b o f l a v i n concen t ra t ion . A l inear i n c r e a s e in the 
produc t ion of 
min ( F i g . 5 . 4 ) , 
of  • as a lso s tud i ed at va r ious i n t e r v a l s of i r r a d i a t i o n ti e ( -I  
p roduc t ion of O " was o b s e r v e d with the i r r a d i a t i o n p e r i o d upto 10 
5 . 3 . 3 QUENCHING STUDIES INVOLVING THE PRODUCTION OF ^O and 
°2^ 
The product ion of O and O ' by p h o t o s e n s i t i z e d r i bo f l av in 
was fur ther va r i f i ed by performing quenching s t u d i e s using known scaven-
gers of O and O ' v i z , sodium a z i d e , DABCO and SOD. Singlet oxygen 
-2 produc t ion was i n h i b i t e d by over 90% in p r e s e n c e of sodium az ide (10 
-3 M) or DABCO (2 .5 x 10 M). SOD, a known quencher of O ' d id not 
have any effect on O genera t ion . S i m i l a r l y , O ' p roduc t ion by pho to -
s e n s i t i z e d r ibo f l av in was i n h i b i t e d almost lOOs in the p re sence of SOD 
(50 to 100 u n i t s ) . Sodium az ide and DABCO ( q u e n c h e r s of O ) d id not 
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Fig. 5 . 1 : Singlet oxygen product ion by va r ious concent ra -
tions of r ibo f l av in following sun l igh t exposure 
(5 min) as measured by r eco rd ing the dec rease 
of RNO solu t ion (3 .0±0.2 x 
p h o s p h a t e buf fe r , pH 7.0) 
containing O.OIM h i s t i d i n e as a s e l e c t i v e accep tor 
of O^. 
in UV-absorpt ion 
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Fig. 5 .2 : Dose re sponse r e l a t i o n s h i p between O produc t ion 
by r ibo f l av in (2 jj.g/ml) and sun l igh t exposu re 
(0-10 min) . Reaction sys tem was t h e same as 
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F i g . 5 . 3 : Determination of O • p roduc t ion as a r e s u l t of pho tosen -
s i t i z e d r educ t ion of N3T (1 .67 x 10 M in O.OIM c a r b o -
nate buffer , pH 10) by r i b o f l a v i n (0-5 pg /ml) upon 




F i g . 5 . 4 : Dose re sponse r e l a t i o n s h i p be tween t h e p roduc t ion 
of O ~ by r i bo f l av in (1.0 pg/ml) and sunl ight exposu re 
(O-ICT min) . 
1?9 
5 . 3 . 4 EFFECT OF PHOTOSENSITIZED RIBOFLAVIN ON LIPID PEROXIDATION 
Significant enhancement in l i p i d p e r o x i d a t i o n was o b s e r v e d by 
the pho tosens i t i z ed r i b o f l a v i n . The ex ten t of l i p i d p e r o x i d a t i o n was 
concent ra t ion dependent ( though not l inea r in na tu re ) upto 1.0 t ig /2 .5 
mg p ro t e in l eve l ( F i g . 5 . 5 ) . Kinetic s tudy to e s t a b l i s h r e l a t i o n s h i p b e t -
ween sunl ight dose and l i p i d p e r o x i d a t i o n r e v e a l e d c o n s i d e r a b l e i n c r e a s e 
in l i p i d pe rox ida t i on upto 30 min e x p o s u r e ( F i g . 5 . 6 ) . Quenching s t u d i e s 
using spec i f ic quenchers of O (Sodium az ide and DABCO) , O ' (SOD) 
and OH' (Sodium benzoate and Mannitol) showed 60-70% i n h i b i t i o n of 
l i p i d p e r o x i d a t i o n by DABCO and sodium az ide and 10% by SOD, r e s p e c -
t i v e l y (Table 5 . 1 ) . 
5 . 3 . 5 EFFECT OF PHOTOSENSITIZED RIBOFLAVIN ON ERYTHROCYTE MEM-
BRANE ENZYMES 
In te rac t ion of p h o t o s e n s i t i z e d r i b o f l a v i n wi th human e r y t h r o c y t e 
membrane r e v e a l e d s igni f icant i n h i b i t i o n of membrane marker enzymes 
(F ig . 5 . 7 ) . Most of the enzymes i nd i ca t ed a dose -dependen t i n h i b i t i o n 
p a t t e r n following sunl ight e x p o s u r e . However, r i bo f l av in i t se l f did not 
show any effect on membrane enzymes when incubated under the da r i ; 
cond i t i ons . The s e n s i t i v i t y of e r y t h r o c y t e membrane enzymes to r i b o f l a v i n 
under sunl ight exposure was in the o r d e r of Na + K -ATPase'^ p - r . i t r o p h e -
nyl phosphatase '^ Ca + Mg ' - A T ? a s e \ acet v l c h o l i n e s t e r a s e . The ccr .cent ra-
tion of r i bo f l av in r e q u i r e d for 50% i n n i b i t i o n of a c e t y l c h o l i n e s t e r a s e 
was about t en- t imes h i g h e r as compared to p h o s p h a t a s e and ATPases . 
Separa te exper iments r e v e a l e d tha t t he i n h i b i t i o n of these enzymes were 
not only dependent on the concent ra t ion of r i b o f l a v i n but were a l so d e -
pendent on the time of stinlight e x p o s u r e ( F i g . 5 . 8 ) . Two hours sun l igh t 
e x p o s u r e in presence of r i b o f l a v i n r e v e a l e d a lmost 100% i n h i b i t i o n of 
Na + K -ATPase w h e r e a s , t he i n h i b i t i o n of p - n i t r o p h e n y l p h o s p h a t a c a 
was l i t t l e over 80% (P<l0 .05) . C o n v e r s e l y , a c e t y l c h o l i n e s t e r a s e was i n h i -
b i t e d only 2C% (P<0.05) at the end of Zh e x p o s u r e . 
Addi t ion of va r ious quenche r s r e v e a l e d tha t the i n h i b i t i o n of 
p h o s p h a t a s e and ATPases were c o m p a r a t i v e l y l e s s (Table 5 . 2 ) . The s t u d y 
of quencher s ind ica ted a p o s s i b l e p ro t ec t ion of p h o t o s e n s i t i z e d r i b o f l a v i n 
induced i n h i b i t i o n of membrane enzymes . Among the q u e n c h e r s , sodium 
az ide p r o v i d e d be t t e r p ro t ec t ion to e r y t h r o c y t e membrane bound enzymes 
i n h i b i t e d by pho to sens i t i z ed r i b o f l a v i n . However , DABCO was found to 
130 
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F i g . 5 . 5 : Photo- induced l i p i d pe rox ida t ion by r i b o f l a v i n at va r ious 
concentra t ions (0 -1 .0 ;ag j 12.5 mg p r o t e i n / m l ) as measured by 
monitoring malona ldehyde in e r y t h r o c y t e g h o s t . 
1^ 1 
Irradiation time Cmin) 
F i g . 5 . 6 : L ip id p e r o x i d a t i o n in e r y t h r o c y t e ghost by r i b o f l a v i n 
(0 .5 )ig; 12.5 mg p ro t e in /ml ) at va r ious pe r iod of sunl ight 
exposure (0-60 min) . 
9 9 
Table 5.1 
Effect of va r ious quenche r s on l i p i d p e r o x i d a t i o n of e r y t h r o c y t e 
membrane by pho tosens i t i z ed r i b o f l a v i n 
Reaction sys tem L ip id p e r o x i d a t i o n 
(nM MDH/mg p r o t e i n / m i n ) 
EG 0 .22 
EG + hv 0 .22 
EG + RF 0 .25 
EG + RF + h v 6.25 
EG + RF + NaN (10 mM) + h v 1.73 
EG + RF + DABCO (25 mM) + h v 2 . 3 5 
EG + RF + SOD (100 u n i t s ) + h v 5.60 
RG, RBC ghos t s (2.5 mg p r o t e i n / m l ) ; RF, r i b o f l a v i n (0 .5 p g / m l j ; h v , 
sun l igh t i r r a d i a t i o n (30 m i n ) . 












F i g . 5 . 7 : I nh ib i t i on of human e r y t h r o c y t e membrane bound enzymes by p h o t o -
s e n s i t i z e d r i b o f l a v i n . E r y t h r o c y t e ghost (2 .5 mg p r o t e i n / m l ) at 












0 = 1 
CZ] Acetyl choline esterase 
EED Ca + Mg-AT Pasc 
IlZl P-Nitrophenyl phosphatase 
CD Na"i-K^AT Pase 
n 
0 15 30 45 60 120 
Time of Exposure(min) 
Fig. 5 .8 : Inh ib i t ion of human e r y t h r o c y t e membrane bound enzymes by pho to -
sens i t i z ed r i b o f l a v i n . E r y t h r o c v - e g:--ost (2 .5 mg p r - t e i n / m l ) contai: , -
ing 0.5 ^g r i bo f l av in was exposed to sun l igh t at v a r y i n g time 
i n t e r v a l s . 
n 
T a b l e 5 . 2 
Effec t of v a r i o u s q u e n c h e r s on p h o t o - i n d u c e d i n h i b i t i o n of 
e r y t h r o c y t e m e m b r a n e b o u n d e n z y m e s b y r i b o f l a v i n 
R e a c t i o n s y s t e m S p e c i f i c a c t i v i t y 
Na +K - A T P a s e p - N P P a s e Ca'*""*'+Mg'^"^-ATPase 
EG 0 . 2 4 7 0 . 1 6 3 0 . 4 4 4 
EG + RF 0 .242 0 . 1 5 8 0 . 444 
EG + RF + h v 0 . 1 5 1 0 . 1 0 4 0 .269 
EG + RF + NaN (lOmM) 0 .215 0 . 1 4 3 0 .379 
+ h v 
EG + RF + SOD (100 0 .204 0 . 1 3 7 0 .333 
unitG ) + hv 
EG - RF + Manni to l 0 .199 0 . 1 3 7 0 .342 
. 10 mM) + h v 
EG, RBC g h o s t s ( 2 . 5 mg p r o t e i n / m l ) ; RF, - i b o f l a v i n ( 0 . 5 pg ) ; h v , su; : -
l i g h t i r r a d i a t i o n (30 m i n ) ; p - N P P a s e , p - n i t r o p h e n y l p h o s p h a t a s e . V a l u e s 
a r e t h e mean of t h r e e s e p a r a t e e x p e r i m e n t s . 
\n 
be unsui tab le as even the lower concent ra t ions of DABCO i t s e l f were 
i n h i b i t o r y to var ious enzymes . 
5 . 3 . 6 EFFECT OF PHOTOSENSITIZED RIBOFLAVIN ON SARCOLEMMAL 
ENZYMES 
As o b s e r v e d for e r y t h r o c y t e enzymes , p h o t o s e n s i t i z e d r i b o f l a v i n 
was a lso i n h i b i t o r y to sarcolemmal enzymes ( F i g . 5 . 9 ) . Sarcolemmal p r e -
pa ra t i ons when exposed to sunl ight wi th va ry ing concen t ra t ions of r i b o f l a -
v in showed a d o s e - d e p e n d e n t i nh ib i t i on p a t t e r n of v a r i o u s enzymes . 
The s e n s i t i v i t y of enzymes towards pho to - induced i n h i b i t i o n was in the 
following o r d e r ; a l k a l i n e p h o s p h a t a s e > Ca ' -ATPase> Ca + Mg ' -ATPase> 
Mg -ATPase^ 5 ' - n u c l e o t i d a s e > a c e t y l c h o l i n e s t e r a s e . I n h i b i t i o n of s a r c o -
lemmal enzymes was not only dependent on the concent ra t ion of r i b o f l a v i n 
but i t was a lso dependent on the time of e x p o s u r e under sunl ight (F ig . 
5 . 1 0 ) . Sunlight exposu re of 2 h in p resence of 0.5 ug r i b o f l a v i n r e v e a l e d 
almost 80-90o inh ib i t i on of most of the enzymes wh i l e a c e t y l c h o l i n e s t e r a s e 
was i n h i b i t e d only up to 30S- when exposed wi th 1 p.g r i b o f l a v i n under 
s imi l a r cond i t ions . These r e s u l t s ind ica ted tha t the o v e r a l l effect of 
pho tosens i t i z ed r i b o f l a v i n on sarcolemmal enzymes was l e s s as compared 
to e r y t h r o c y t e membrane enzymes . 
1^7 
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F i g . 5 . 9 : Inh ib i t ion of frog ske le t a l muscle sarcolemmal enzymes by 
pho to sens i t i z ed r i b o f l a v i n . Sarcolemma (5 .0 mg p r o t e i n / m i l 
at va ry ing concent ra t ions of r i b o f l a v i n was exposed to sunl ight 
for 30 min. 
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It i s now well a c c e p t e d t h a t t he c to toxic effect of c e r t a i n 
chemica l s with pho tosens i t i z ing p r o p e r t i e s a r e mediated by damaging 
e v e n t s in cell membrane. One manifes ta t ion of membrane damage was 
often thought to be the involvement of f ree r a d i c a l s p r o d u c e d by t h e 
p h o t o - e x c i t e d p h o t o s e n s i t i z e r s . Free r a d i c a l s may br ing about a s e r i e s 
of events in biological membranes leading to the formation of l i p i d p e r o -
x i d e s (Girot t i et_ aj_. , 1985) which may, in t u rn , p roduce a v a r i e t y 
of a d v e r s e effects including a l t e r a t i o n s in membrane s t r u c t u r e and function, 
It i s now recognized tha t s ing le t oxygen ( O ) , supe rox ide anion (O ' ) 
and h y d r o x y l r a d i c a l s (OH') a re p roduced in p h o t o s e n s i t i z a t i o n r e a c t i o n s . 
In t e rconve r s ion of t h e s e a c t i v a t e d oxygen r a d i c a l s also occurs leading 
to the formation of hydrogen p e r o x i d e (H_,0 ) . There a r e " ."o major 
t y p e s of react ion mechanisms to exp la in the d y e - s e n s i t i z e d phoi. ,-oxidation 
of ox id : . :ab le compounds {C l l n i c k , 1968; Grossweiner , 1969; Kramer 
and Maute, 1972; Foote , 1979). The f i r s t . Type I , is an oxygen i ndepen -
dent reac t ion which invo lved d i r ec t i n t e r a c t i o n of an e l e c t r o n i c a l l y e x c i -
ted pho tosens i t i ze r to a b io logica l s u b s t r a t e r e su l t i ng in a h y d r o g e n 
or e lec t ron t ransfer and subsequent r e a c t i o n s occur wi th t r i p l e t oxygen 
via r ad i ca l i n t e r m e d i a t e , w h e r e a s the s econd . Type I I , r eac t ion is d e p e n -
dent on the molecular oxygen , in wh ich a pho to - induced s e n s i t i z e r mole-
cule r eac t s with molecular oxygen to p roduce a c t i v a t e d oxygen s p e c i e s 
t h a t can fur ther r eac t wi th the o x i d i z a b l e b io logica l s u b s t r a t e (Foo te , 
1979) . The opera t ion of Type II mechanism i s ev idenced by the p a r t i -
c ipa t i on of singlet oxygen ( O ) . 
The biological r e s p o n s e of the s y n e r g e s t i c ac t ion of sun l igh t 
and chemical agents invo lve the o x i d a t i v e - d a m a g e of p r o t e i n s and l i p i d s 
p r e s e n t in membranes . The p re sen t s t u d y have shown the pho to - induced 
i n h i b i t i o n of membrane bound enzymes and the de s t ruc t i on of l i p i d moie-
t i e s of the membrane when r i b o f l a v i n was used as a s e n s i t i z e r . It h a s 
a l so been demonst ra ted tha t r i b o f l a v i n undergoes oxygen-dependen t Type 
II mechanism of pho toox ida t ion r e a c t i o n s by producing a c t i v a t e d oxygen 
s p e c i e s ( O. and O ' ) under s i m i l a r expe r imen ta l cond i t i ons . By t h e 
a id of quenching s t u d i e s i t was conf i rmed t h a t these ac t i ve s p e c i e s 
of oxygen a r e invo lved in membrane damaging e v e n t s . Among them s ing le t 
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oxygen is p e r h a p s more e f fec t ive in i nh ib i t i ng membrane bound e n ; y m e s 
p o s s i b l y by damaging the l i p i d environment a t the c lose p r o x i m i t y of 
t h e s e a c t i v e p r o t e i n s . 
Most of our s t u d i e s on the effect of p h o t o s e n s i t i z e d r i b o f l a v i n 
a r e based on the pho toox ida t ion of membrane cons t i tuen ts of human e r y -
t h r o c y t e . The e r y t h r o c y t e membranes have an obvious advan tage ove r 
s imple p h o s p h o l i p i d mice l l e s or l iposomes in t ha t t h e y conta in , b e s i d e s 
l i p i d s , va r ious p ro te ins and o the r cons t i tuents and r e s e m b l e the p h y s i c o -
chemical p r o p e r t i e s of b io logica l cel l membranes . Moreover , i t r e p r e s e n t s 
a s imp le r form of actual cel l membranes whose s t r u c t u r e and function 
has been well e s t a b l i s h e d . F u r t h e r , a great deal of work has been 
c a r r i e d out in recent yea r s on free r a d i c a l media ted o x i d a t i v e damage 
of i t s va r ious cons t i tuents (Kitao and Ha t to r i , 1983; Girot t i et_ a l . , 1985; 
Hebbel e^ aj_. , 1986). Another s t r i k i n g feature of e r y t h r o c y t e s tha t e n a b -
led us to use i t as model for s tudying the free r a d i c a l media ted o x i d a -
t ive -damage of membranes is the fact tha t exposu re of c e l l s to a c t i v a t e d 
oxygen is an inev i t ab l e consequence of a e r ab i c e x i s t e n c e . The spontaneoui; 
generat ion of s u p e r o x i d e , pe rox ide and h y d r o x y l r a d i c a l ir. d e t ec t ed 
even in the normal c e l l s (Hebbel e^ aj_. , 1982) due to the auiooxidaior . 
of hemoglobin (Carre l l e^ aj_. , 1975). However, the impor tance of s k e l e t a l 
muscle sarcolemma in many ce l l u l a r p r o c e s s e s and i t s ex t e rna l 'or. 
muscl'^- beneath the sk in can combine tc ma^.e them the ta rge t fc, .o io-
induced t o x i c i t y . Muscle ce i l s be 'ow the sk in a r e c o n s i s t a n t l y - i^osec 
to sunl ight and sk in- lo tosens i t i . . at ion is an i n e v i t a b l e p roces r whicr. 
can lead to the cytot ;;ic effects even into he i n t e r i o r of tne t i s s u e 
(Pa thak and J o s h i , 198-.a; Joshi , 1985). 
The present r e s u l t s a l so demonst ra te +he p roduc t ion of s ing le t 
oxygen follov/ing i r r a d i a t i o n of RNO solut ion wi th va ry ing con e n f . . 
o: r i b o f l a v i n . His t id ine was used as a s e l e c t i v e . .cceptor oi 0_,. i .rai .c 
and ElMohsni '1978) p roposed that kinglet oxygen forms a t r ans - annu ar 
p e r o x i d e of imidazole which induces the bleachins; of RNO. I n e abs . - -
bance was measured as a function of i l luminat ic : . dura ; :on at 440 n.n. 
"diagnostic t e s t s for the geneintior. of s ingle t oxygen in p resen t s t u d v 
were not only based on the u.. .. : h . ^ t i d ine but a . so es tabl i : : led oy 
examinin.-: the reac t ion k ine t i c s in D O which was known to i n c r e a s e 
the ha l f - l i f e of s inglet oxygen bv about 15-fold as compared to tha t 
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ob ta ined in soft water (Merkel et_ aj_. , 1972; Kearns , 1979) . T h e r e f o r e , 
h i g h e r degree of photochemical changes could occur . 
TI . ' product ion of s ing le t oxygen by ~ no tosens i t i zed r i b o f l a v i n 
vas fur ' , r cr -firmed b^- / . r rying out quencb. ;;:g s tud ie s u-.ing sodiu'.n 
. z ide (r ote e^ al_. , 1 and DABCO (Quani.e and Wilson, 968) as 
'••eci; :c j ignle t oxygen scavenr;erG. Evidences a re also a v a i l a b l e in l i t -
t a t u r e for the generat ion of O upon pho tosens i t i za t ion by r i b o f l a v i n , 
\. h e r e a s the formation of s u p e r o x i d e r a d i c a l and hydrogen p e r o x i d e was 
confusing (Vargas et_ aj_. , 1982). However , supe rox ide anion r a d i c a l , among 
the o the r ac t iva ted ox- :5en s p e c i e s having p r o p e r t i e s of ce l l -damaging 
ef fec ts , was also found to be genera ted by p h o t o - e x c i t e d r i b o f l a v i n in 
t h i s s t u d y . Fur ther ev idences for i t s p roduct ion were a l so ob ta ined 
:'Y - forming c.uenching s tud i e s using s u p e r o x i d e dismutase as spec i f i c 
quencher i yr O^' (McCord and F r i d o v i c , 1969). Other w o r k e r s have 
a l so d; -v;:".:-• "ated the p r o d u c t i r n of t h i s i m r n r t a n : : ree r ad i ca l by p h o t o -
s e n s i t i z e d r ibc f i av in and i t s invo lvement , along v.'ith s inglet oxygen , 
in cel l damaging r eac t ions (Pa thak and Josh i , 19542; Joshi , 1985). The 
p o s s i b i l i t y of the involvement of h y d r o x y l r ad ica l (OH') is doubtful 
due to the lack of ev idences on i t s p roduc t ion by p h o t o s e n s i t i z e d r ibo-
f l a v i n . Hov/ever, quenching s t u d i e s on e r y t h r o c y t e membrane bound en-
zym.es r e v e a l e d the p ro tec t ion of p h o t o - i n a c t i v a t e d enzymes by mannitol 
v/hich i s cons idered to be the quencher of OH' . It could be p o s s i b l e 
t ha t a v a r i e t y of free r a d i c a l s ( including r a d i c a l s o r ig ina ted from b i o l o -
gical en t i t i e s l ike l i p i d s and p r o t e i n s ) were formed during p h o t o s e n s i t i -
za t ion ; that in combination might produce some des t ruc t ion in membranes . 
Present r e s u l t s have demons t r a t ed the inh ib i t i on of e r y t h r o c y t e 
membrane as well as sarcolemmal enzymes by ac t i va t ed oxygen r a d i c a l s 
p roduced by pho tosens i t i za t ion of r i b o f l a v i n . Add i t i ona l l y , p e r o x i d a t i o n 
of l i p i d s in e r y t h r o c y t e membrane have a l so been fol lowed. The main 
aim was to inves t iga te the membrane damage in term.s of i t s a c t i v e cons-
t i t uen t s r e s p o n s i b l e to maintain the s t r u c t u r e and function of membrane . 
E r y t h r o c y t e membrane Ca -ATPase is p o t e n t i a l l y prone towards o x i d a t i v e 
modif ica t ions p o s s i b i l y due to i t s c lose p r o x i m i t y with unsa tu r a t ed mem-
brane l i p i d s (Graf e_t_ aL.-, 1982) and a l so due to the fact t ha t it posse<;c: 
f ree th io l g roups . A th io l and l i p i d dependent ox ida t ion of e r y t h r o c y t e 
membrane Ca -ATPase by a c t i v a t e d oxygen has been shown r e c e n t l y 
142 
( H e b b e l e_t_ aj_. , 1 9 8 6 ) . O t h e r e n z y m e s n a m e l y Na + K - A T P a s e a n d p -
n i t r o p h e n y l p h o s p h a t a s e a r e more or l e s s e q u a l l y s e n s i t i v e t o o x i d a t i v e 
d a m a g e b y a c t i v a t e d o x y g e n r a d i c a l s . T h e g e n e r a l c o n c l u s i o n s s u p p o r t e d 
b y t h e s e s t u d i e s may b e p e r t i n e n t to a v a r i e t y of m e m b r a n e p r o t e i n s 
++ + 
h a v i n g t h i s e n v i r o n m e n t of l i p i d s in common w i t h Ca - A T P a s e a n d Na 
+ K - A T P a s e . The t r a n s m e m b r a n e p r o t e i n b a n d 3 a n d t h e c y t o s k e l e t a l 
p r o t e i n a n k y r i n can b e c o n s i d e r e d to b e u se fu l fo r f u r t h e r s t u d i e s i n 
t h i s d i r e c t i o n . 
Our r e s u l t s s u g g e s t e d t h a t r i b o f l a v i n p r o d u c e d f r e e r a d i c a l s 
i n c l u d i n g s i n g l e t o x y g e n w h i c h m i g h t b r i n g a b o u t l i p i d p e r o x i d a t i o n 
in m e m b r a n e a n d t h e r e b y d a m a g i n g many of i t s c o n s t i t u e n t s . P e r o x i d a t i v e 
d a m a g e to e r y t h r o c y t e m e m b r a n e p r o t e i n s a n d l i p i d s may h a v e a r o l e 
in t h e i n h i b i t i o n of A T P a s e s a n d o t h e r e n z y m e s . I n d e e d , ATPase a r e knov/n 
to be l i p i d d e p e n d e n t a n d i n h i b i t e d b y a c t i v a t e d o x y g e n . H o w e v e r , 
a n o t h e r l i p i d d e p e n d e n t m e m b r a n e b o u n d e n z y m e , a c e t y l c h o l i n e s t e r a s e 
w a s a b o u t 1 0 - f o l d r e s i s t a n t to o x i d a t i v e damage b y p h o t o s e n s i t i z e d r i b o -
f l a v i n . 
The m e c h a n i s m of m e m b r a n e d a m a g i n g e v e n t s s t i l l a p p e a r s to 
be c o m p l i c a t e d a n d c o n f u s i n g . T h e r e f o r e , it i s d i f f i c u l t to a s s i g n w i t h 
c e r t a i n t y a s to w h i c h p a r t i c u l a r s p e c i e s of t h e a c t i v e ; :ygen i s i n v o . t-c 
and to w h a t e x t e n t . Quenc": :ng s t u d i e s on 1: ; i d n e r o x . .-:,iic-^ a n d : 
b i t i o n of e n z y m e s h a v e , h o w e v e r , i n c : a t e d t h e i n v o l v e m e n t of "-, O, • 
a s w e l l a s O H ' . Many i n v e s t i g a t o r s r - r e p o r t e d t h a t d e c o m p o s i t i o n 
of membrc : i e l i c i d h y d r o p e r o x i d . e s gene : . :., - O^ a n d t h i s r - l a - s a r ,. 
in i n i t i a l i n g new r o u n d s of p e r o x i d a t i o : (;-ing e_ - ^ 1 . , 1975 : .. -nc:. t ind 
F r i d o v i c h , 1978; Ding a n d C h a n , 1 9 3 4 ) . In most oi tnc c a s e s . ' . e mecn, 
n i s m of O^ p r o d u c t i o n i s one i:, w i . i c h t'.vo p e r o x v r a d i . : _ i s c o m b i n e 
to form a t e t r a o x i d e i n t e ; tned: ;• w h i c h . : e c o " " ' O s e s lo an a l co r io l , a 
c a r b o n y l compound a n d sor.:o ~ ; H o w a r d ar.d I n r d , 1 9 6 8 ) . T-c - r 
t h e Q u e s t i o n of O i n t e r m e d i . . c - :n l i p i d p e r o x i c - . . on r e m a i n e a c o n t r o 
v e r s i a i ' , s nee o t h e r w o r k e r s ;ia fc _md no e v i d e r . c e of i t s i n v o i v e r nt 
( T h o m a s , et_ a]_. , 1 9 8 2 ) . I t c an oe p o i n t - d out t h a t a l t n o u g h ' O 
not o n l y t h e f a c t o r in m . e m b - a n e - d a m a g i n r e f f e c t s bu t i t w a s c e : ' 
im.p , r t a n t in p h o t o p e r c x i a a t i c n of l i p i d . . s i n c e io m.M s o d - u m ....i _,., , 
an e f f i c i e n t "^ O q u e n c h e r , r e m a r k a b l y i n h ^ j i t e d t h e l i p i d p e r o x i d a t i o n 
( T a b l e 5 . 1 ) . S i m i l a r c o n c l u s i o n s h a v e a l s o b e e n d r a w n in o t h e r s t u d i e s 
l O 
on p h o t o - s e n s i t i z e d p e r o x i d a t i o n in ce l l membranes (Emil iani and Delmel le , 
1983; G i ro t t i , 1983; Girot t i et a l . ,-- 1985). 
I n h i b i t i o n of sarcoleramal enzymes by p h o t o s e n s i t i z a t i o n of r i b o -
f lav in p r o v i d e d an a d d i t i o n a l finding b e s i d e s giving the r e s u l t s cons i s t en t 
wi th the mechanism of pho tosens i t i z a t i on for e r y t h r o c y t e membrane . 
The s t r i k i n g dif ference . was tha t the i n h i b i t i o n of sarcolemmal enzymes 
by a c t i v a t e d oxygen was l e s s e f fec t ive as compared to e r y t h r o c y t e mem-
brane enzymes . This d i f ference in i n h i b i t i o n p a t t e r n could be due to 
the bas i c s t ruc tu ra l d i f fe rences between the two t y p e s of membranes . 
The plasma membrane of sarcolemmal complex is su r rounded by a r i g i d 
basement membrane tha t might p lay a p r o t e c t i v e ro le to the inner enzy -
mat i ca l ly ac t i ve plasma membrane. Whether t h e r e is any a l t e r a t i o n in 
basement membrane s t r u c t u r e and function in r e s p o n s e to free r a d i c a l 
damage caused by pho to sens i t i z a t i on of r i b o f l a v i n or o t h e r s e n s i t i z e r s 
is comple te ly unknown. 
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Sarcolemma is a surface membrane sur rounding muscle f i b e r s . 
In s k e l e t a l muscle , i t is made up of an enz ymat ica l l y a c t i v e p lasma 
membrane, a f e l t - l i k e e l ec t ron dense basa l lamina and an o v e r l y i n g r e t i -
cular lamina containing col lagen and r e t i c u l a r f i b r i l s embedded in an 
amorphous m a t r i x . The basa l lamina and r e t i c u l a r lamina toge the r c a l l e d 
basement membrane (BM). The outer boundary of BM is not wel l d e m a r k e -
ted and is somehow connected to surrounding connec t ive t i s sue net w o r k . 
For s tudying the s t r u c t u r e and function of a membrane, i t i s 
a p r e - r e q u i s i t e to have a pur i f i ed membrane p r e p a r a t i o n having i t s a l l 
cons t i tuen ts i n t ac t . Study of muscle cel l surface membrane i s hampered 
due to the dif f icul ty in i so la t ing i t in pure f o r m . From t ime to time 
s ev e ra l methods have been r e p o r t e d for the p r e p a r a t i o n of sarcolemma 
from var ious muscles . These methods yield&d membrane p r e p a r a t i o n s 
to a vary ing degree of p u r i t y . Most of the methods invo lve prolonged 
(16-30 h) salt ex t rac t ion which may resu l t into the damage of enzyme 
a c t i v i t i e s . Drast ic homogenization p r o c e d u r e s followed by dens i ty gradient 
centr if ugat ion resu l t ed into the fragmentation of sarcolemma and y i e lded 
ves i cu l a r membrane p r e p a r a t i o n s lacking the surface components s i t ua t ed 
e x t e r n a l to plasma membrane ( i . e . basement membrane) . Such p r e c a r a t i o n s 
may not have the membrane p r o p e r t i e s which a c t u a l l y e x i s t J_n_ v i v o . 
Howe\'er , ves icu la r form of membrane is sometimes important for ".ranspor: 
s t u d i e s . 
In the present s t u d y , frog ske l e t a l muscle sarcolemma '.vas iso-
la ted using mild homogenization and e x t r a c t i o n p r o c e d u r e . Muscle ce l l 
f i b e r s were made pe rmeab le to cha rged ions and large molecules by 
t rea tment with toluene. Toluene c r e a t e s minute po res by removing small 
p a t c h e s of sarcolemma on the surface of muscle c e l l s . Toluene t r e a t e d 
muscle ce l l s were then e.xtracted wi th 0.4 M l i th ium bromide solut ion 
at 0-4°C for removing i n t r a c e l l u l a r m a t e r i a l . All t h e i n t r a c e l l u l a r ma-
t e r i a l was removed by l i th ium bromide wi th in a s h o r t pe r iod of 5 h . 
The final sarcolemmal p r e p a r a t i o n was hol low, t r a n s o a r e n t c lear t u b e -
l i ke s t r u c t u r e in a p p e a r a n c e . It was devoid of any o the r subce l l u l a r 
contamination and re ta ined the enzvmatic a c t i v i t i e s a t t r i b u t e d to s a r c o l e -
mma. Sarcolemmal p r e p a r a t i o n contained al l the l a y e r s without anv damage 
to the i n t eg r i t y of i ts c o n s t i t u e n t s . 
1* '5 
Most of the s t u d i e s r e l a t e d to sarcolemma a re cen te red on t ae 
inner ly ing enzymat ical l y a c t i v e plasma membrane , whereas v e r y l i t t l e 
is known about the" s k e l e t a l muscle cel l surface components s i t ua t ed 
ex t e rna l to plasma membrane. Technical p r o b l e m s have h i n d e r e d the 
c h a r a c t e r i z a t i o n of t h e s e components p r i m a r i l y due to n o n - a v a i l a b i l i t y 
of pur i f i ed ske le ta l muscle basement membrane p r e p a r a t i o n . S tudies on 
the s t ruc tu re and function of s k e l e t a l muscle basement membrane a p p e a r s 
to be v e r y much e s sen t i a l because i t i s known to p lay a s ignif icant 
ro le in f i l t r a t i o n , s t r uc tu ra l organiza t ion of t i s s u e s and c e l l - c e l l a d h e s i o n . 
In a d d i t i o n , a l t e r a t i ons in basement membrane s t r u c t u r e and function 
have also been noticed in many d i sease s t a t e s . These s tud i e s have main-
ly been c a r r i e d out on glomerular basement membrane , whereas not enough 
information is a v a i l a b l e on the s t r u c t u r e and function of ske le t a l muscle 
basement membrane. T h e r e f o r e , we have c a r r i e d out de t a i l ed i s o l a t i o n -
and cha rac t e r i za t i on s t u d i e s on frog ske le t a l muscle basement membrane 
As a p r e l im ina ry a t tempt , basement m.embrane was i so la t ed from frog 
ske l e t a l muscle sarcolemma by s e l e c t i v e l y so lub i l i z ing the plasma mem-
brane with sodium dodecyl su l fa te . A s u i t a b l e concent ra t ion of SDS v/as 
s t a n d a r d i z e d which could so lub i l i z e the plasma membrane comple te ly 
leaving behind basement membrane. The i so la t ion of basement membrane 
was monitored by h y d r o x y p r o l i n e content which is known to be present 
in large quan t i t i e s in BM col lagen. The p u r i t y of BM was checked b v 
the presence or absence of marke r s of plasma membrane. Since t h e r e 
is no accep ted marker for basement membrane,we monitored l ip id content 
as a parameter to check the extent of plasma membrane contamination 
in final BM p r e p a r a t i o n . Total p h o s p h o l i p i d s and cho le s t e ro l contents 
were low in BM as compared to sarcolemma. L ip id pe rox ida t i on was 
a l so not de tec tab le in BM, wh i l e i t was p r e s e n t in sarcolemma. Chemical 
composi t ion of i so la ted BM was a l so de t e rmined . 
Fu r the r s tud ies made i t p o s s i b l e to deve lop an improved method 
for the i so la t ion of basement membrane in more pur i f i ed form. This 
method offers to i so la te BM d i r e c t l y from s k e l e t a l muscle and p r o v i d e s 
pure BM in good y i e l d . The BM thus p r e p a r e d was c h a r a c t e r i z e d with 
r e s p e c t to morphology and b iochemical compos i t ion . Morphologica l ly 
BM p r e p a r a t i o n s when o b s e r v e d under l i gh t microscope after p rope r 
s ta in ing r e v e a l e d a ho l low, c y l i n d r i c a l , c lear t r a n s p a r e n t s t ruc tu re without 
any iden t i f i ab l e ce l lu l a r m a t e r i a l . B iochemica l ly , BM was devoid of 
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i l eo t idase ) plasma membrane marker enzymes (Na + K -ATPase and 5 '-nucleoti3ase~), 
Total p h o s p h o l i p i d s and cho le s t e ro l contents were a l so v e r y low in BM 
0.C compared to sarcolemma. Attempts were made_ to minimise l i p i d content 
of BM but a t r ace amount of l i p i d was a lways found in final p r e p a r a t i o n s . 
The res idua l amount of l i p i d could be the p a r t of BM. The p o s s i b i l i t y 
of l i p i d s found in a s soc ia t ion with BM has been poin ted out e a r l i e r 
by some o ther i nves t i ga to r s in glomerular BM. Other chemical cons t i -
tuents namely, h y d r o x y p r o l i n e , s u l f h y d r y l and to ta l hexoses were high 
in BM as compared to sarcolemma, w h e r e a s s i a l i c ac id content which 
is known to be p resen t mainly in the plasma membrane v/as low in BM. 
Amino acid composit ion in the i so l a t ed BM was de te rmined and i t was 
found to cor respond wi th the amino ac id composi t ion of o the r basement 
membranes which have been well s t u d i e d . Signif icant d i f ferences in the 
p ropor t ions of p ro l ine and OH-proline contents were o b s e r v e d in s a r c o l e -
mma and BM. High content of g lycine (a c h a r a c t e r i s t i c amino ac id of 
B.M) was present in frog ske l e t a l muscle basement membrane. The amino 
acid composition of BM p r e p a r e d by sonica t ion method was c loser to 
the r epor t ed values of amino acid composi t ion in o ther BM, -.vhereas 
amino acid composit ion of BM i so la ted by SDS so lub i l i za t i on method was 
somewhat different from that ob ta ined by sonica t ion method and other 
c h a r a c t e r i z e d basement membranes . SDS-PAGE r e s u l t s r e v e a l e d that frog 
ske le ta l muscle basement memorane cons i s t s of 20-22 p o l y p e p t i d e s in 
the molecular weight range of 13,000 to 400,000 d a l t o n s . The p ro te ins 
of o ther basement membranes a lso fall wi th in t h i s molecular weight range. 
Frog ske le ta l muscle sarcolemma p r e p a r e d by toluene treatment 
and l i th ium bromide e x t r a c t i o n method was found to be su i t ab le for 
enzyme kinet ic s t u d i e s . The presc. ice of the following enzymes have 
+ + + + 
been s tud ied in ske le ta l muscle sarcolemma; Ca -ATPase , Mg -ATPase , 
Ca + Mg -ATPase, 5 ' - n u c l e o t i d a s e , a l k a l i n e p h o s p h a t a s e and a c e t y l -
c h o l i n e s t e r a s e . Vanadate, due to i t s wide i n d u s t r i a l use and toxicological 
effects in man and a n i m a l s , was s e l e c t e d for d e t a i l e d s tud i e s on frog 
ske l e t a l muscle sarcolemmal enzymes . Effect of vanada te on t h e jji v i t ro 
a c t i v i t y of sarcolemmal enzymes was o b s e r v e d . Vanadate was found to 
i n h i b i t all the sarcolemmal enzymes excep t a c e t y l c h o l i n e s t e r a s e which 
had no effect over the concent ra t ion range up to 10 mM v a n a d a t e . The 
inh ib i t i on of sarcolemmal enzymes by vanadate was concent ra t ion dependent . 
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Among the enzymes i n h i b i t e d by v a n a d a t e , a l k a l i n e p h o s p h a t a s e was 
found to be 10-fold more s e n s i t i v e to vanada te than r e s t of t h e enzymes . 
The s e n s i t i v i t y of sarcclcmmal enzymes t c v a r d c i n h i b i t i o n by vanada te 
was in the following o r d e r ; a lka l ine p h o s p h a t a s ^ 5 ' - n u c l e o t i d a s e ^ Ca 
ATPase^ Mg -ATPase ^ Ca + Mg -ATPase . Vanadate concent ra t ions 
r e q u i r e d for 50% i n h i b i t i o n of the enzymes was a l so d e t e r m i n e d . 
The de ta i l ed i n h i b i t i o n kinet ic s t u d i e s on sarcolemmal enzymes 
were c a r r i e d out and i n h i b i t o r constants (Ki ) de t e rmined following the 
method of Dixon. The r e s u l t s r evea l ed t h a t t he i n h i b i t i o n of sarcolemmal 
enzymes by vanadate i s a noncompet i t ive t y p e . Addi t ional enzyme kine t ic 
s t u d i e s a l lowed to ca l cu la t e Michael is cons tan t s (Km and Vmax) in p r e -
sence and in absence of i n h i b i t o r . V/hen the data were ana lyzed by 
plot t ing v vs s ( h y p e r b o l i c p lo t s ) and 1/v vs 1/s (double r e c i p r o c a l 
p l o t s ) , it was o b s e r v e d tha t vanadate i n h i b i t e d sarcolemmal enzymes 
by reducing the Vmax of the enzyme ca t a l i zed r e a c t i o n w h i l e Km remained 
unaffected. This fu r the r i nd ica t ed a noncompet i t ive t y p e of i nh ib i t i on 
to sarcolemmal enzymes . I nh ib i t o r constants (Ki ) w e r e a l so ca lcu la t ed 
from double r ec ip roca l p lo t s and compared wi th the i n h i b i t o r constants 
obta ined from Dixon p l o t s . From the r e s u l t s i t was concluded that vana-
date i n h i b i t e d sarcolemmal enzymes in a noncompet i t ive manner, p r o b a b l y 
by binding to the enzyme molecule at a s i t e o t h e r than a c t i v e s i t e . 
The binding of vanadate to sarcolemmal enzymes may br ing about some 
conformational changes and t h e r e b y in; : ibi t ing t h e i r a c t i v i t i e s . 
The binding s t u d i e s of few impor tant chemica l s have been c a r r i e d 
out using frog ske le ta l muscle sarcolemma and basement membrane. In 
v i t r o binding s tud ies of xenobio t ics with t h e s e membranes have r e v e a l e d 
t h a t a substance w h i l e en ter ing into the c e l l , f i r s t comes in contact 
wi th the surface membrane . It e i t h e r i n t e r a c t s wi th i t s co r s t i t uen t s 
and gets bind to them or en t e r s the cel l wi thou t causing any harmful 
effects on membrane. In the p resen t s t u d y , c a l c ium, vanadium, endosu l -
fan (a p e s t i c i d e ) , metanil yellow (a- n o n - p e r m i t t e d food colour dye) 
and organotin compoiinds were shown to i n t e r a c t wi th frog s k e l e t a l muscle 
sarcolemma as well as basement membrane. Calcium was found to bind 
p r e f e r e n t i a l l y to the basement membrane. The b inding p r o p e r t i e s of 
vanadium were s imi la r for sarcolemma and basement membrane. The b i n d -
ing of vanadium with t h e s e membranes were a n a l y z e d by Sca t cha rd p lo t s 
and binding constants were ca l cu l a t ed . The r e s u l t s i n d i c a t e d the p resence 
of more than one binding s i t e s in both the p r e p a r a t i o n s . After applvir .c 
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a v a l i d co r rec t ion fac tor for non-spec i f ic binding s i t e s , the b inding 
constants for a major t inding s i t e were a lso o b t a i n e d . Vanadium binding 
a n a l y s i s in ske le ta l muscle subcell ' i l^ '^ ^T-^-'tions oht^inoH from d e n s i t y 
g rad ien t centr i fugat ion r e v e a l e d ub iqu i tous vanadium d i s t r i b u t i o n in plasma 
membrane, sa rcop lasmic re t icu lum and mi tochondr ia l f r a c t i o n s . However , 
mi tochondr ia l f ract ion showed r e l a t i v e l y lower binding when ca l cu la t ed 
in te rms of pe r mg p r o t e i n . Endosulfan and metanil yellow were found 
to bind with sarcolemma as well a s basement membrane . The b ind ing 
of t h e s e tox ican ts was h i g h e r in sarcolemma as compared to basement 
membrane. 
Studies on t h e in te rac t ion of organotin. compounds w i th s k e l e t a l 
muscle sarcolemma and basement membrane r e v e a l e d t h a t p e r h a p s basement 
membrane is the f i r s t s i t e of contact and p r o b a b l e s i t e of i n t e r ac t ion 
for d i - and t r i b u t y l t i n compounds. From binding s t u d i e s , i t i s concluded 
that xenobio t ics before enter ing into the cel l i n t e r a c t wi th i t s surface 
membrane and some of them can bind with membrane c o n s t i t u e n t s . The 
binding of toxicants wi th outer most l aye r of sarcolemma ( i . e . basement 
membrane) minimizes t h e chances for the t ox i can t s to reach the inner ly ing 
ac t i ve cons t i tuents and t h e r e b y reducing the t o x i c i t y . Basement membrane 
thus p r o b a b l y plays a s ignif icant p r o t e c t i v e ro le to the plasma membrane 
and to the cell i t se l f . 
Biological membranes , due to t h e i r exposed locat ion and chemical 
r e a c t i v i t y , can be c o n s i d e r e d as tools to i n v e s t i g a t e the mechanism 
of act ion of var ious environmental f ac to r s which can influence the normal 
functioning oi the c e l l . Riboflavin, a commonly used v i tamin B and 
e s s e n t i a l l y p re sen t in many t i s sues have been shown to p roduce s ing le t 
oxygen ( O ) and supe rox ide anion r a d i c a l s (O ) when exposed to sun-
l i g h t . The a c t i v e oxygen r a d i c a l s thus p roduced have been found to 
damage membrane s t r u c t u r e and functiv .. V/e have i n v e s t i g a t e d the i n h i b i -
t ion of human e r y t h r o c y t e membrane ( s impl^ model sys t em) bound enzymes 
by pho tosens i t i zed r i b o f l a v i n . The ex ten t of i n h i b i t i o n of e r y t h r o c y t e 
membrane bound enzymes by pho tosens i t i z ed r i b o f l a v i n was compared 
with the inh ib i t i on p a t t e r n of frog s k e l e t a l muscle sarcolemmal enzymes . 
The inh ib i t i on of enzymes was found to be dependent upon the concen t ra -
t ion of r i bo f l av in and t ime of sunl ight e x p o s u r e . Pho tosens i t i zed r i b o f l a -
vin was a lso a b l e to enhance the l i p i d p e r o x i d a t i o n in e r y t h r o c y t e mem-
b r a n e s . Quenching s t u d i e s have c l e a r l y i nd i ca t ed the involvement of 
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oxygen free r a d i c a l s in membrane damage. Compara t ive effects of pho to -
induced inh ib i t i on of e r y t h r o c y t e and sarcolemmal membrane bound en-
zymes have fur ther i nd ica t ed a p o s s i b l e ro le of basement membrane 




Albin i , A . ; Graf, J . ; Ki t ten , G . T . ; Kleinman, H,K. ; Mar t in , G. R. ; Ve i l l e -
t e , A. & Lippman, M.E. (1986) . 17 ^ - E s t r a d i o l r egu la tes and V-Ha-
r a s t ransfect ion c o n s t i t u t i v e l y enhances MCF7 b r e a s t cancer cel l i n t e r -
act ions wi th basement membrane. Proc . Nat l . Acad. Sc i . USA, 83, 
8182-8186. 
Aldr idge , W.N. (1977) . The influence of organot in compounds on mito-
chondr ia l function. Adv. Chem. S e r . , 157, 186-196. 
A l d r i d g e , W.N. & C r e m e r , J . E . (1957) . Organo t in -d i th izone complexes : 
The co lor imet r ic de te rmina t ion of d i e t h y l t i n and t r i e t h y l t i n compounds. 
Analyst , 82, 3 7-43. 
Al i , N . , Upre t i , R .K . ; Ba i j a l , M. & Kidwai , A.M. (1987) . I so la t ion 
and c h a r a c t e r i z a t i o n of basement membrane from frog ske le ta l muscle . 
P rep . Biochem. (in p r e s s ) . 
Ash ley , C. ; Marbku, K. ; Amanda, T. & Hogan, B .L .M. (1981) . Studies 
on the b i o s y n t h e s i s of laminin by murine p a r i e t a l endoderm c e l l s . 
Eur. J . Biochem. , 119, 189-197. 
Bayr.e, E.K.-, Wakshull , E . ; Gardner , J . & Farmbrough , D.M. (1980) . 
Ex t race l lu la r mat r ix ant igens in d i f fe ren t ia t ing ch ick muscle cu l tu res 
and in adul t ch icken muscle . J . Ceil B i o l . , 87, ( a b s t r a c t ) 260a. 
Beauchamp, C. & F r i d o v i c h , I . (1971) . Superox ide d i smutase . Improved 
as says and an a s s a y a p p l i c a b l e to a c r y l a m i d e g e l s . Anal. Biochem. 
44, 276-287. 
Benson, A.A. (1968). Cell membrane. L ipop ro t e in monolayer . In "Me.mbrane 
models and formation of b io logica l membranes" . P roc . Meet. In t . 
Conf. Biol . Membranes, 1967. (L . Bolis and B.A. Pethica e d s . ) , 
pp .303-317 , North-Holland Pub. C o . , Amsterdam, Neth . 
Berg, L.R. (1963). Evidence of vanadium t o x i c i t y resu l t ing from the 
use of ce r t a in commercial phospho rus supp lements in ch ick r a t i o n s . 
Poult . S c i . , 42, 760-769. 
Berg , L . R . ; Bearse , G.E. & M e r r i l l , L.H. (1963) . Vanadium t o x i c i t y 
in lying h e n s . Poult . S c i . , 42, 1407-1411. 
Bond, G.H. & Hudgins , P.M. (1979) . Kinetics of i nh ib i t i on of Na, K-
ATPase by Mg"^ "*", K"^  and vanada te . B i o c h e m i s t r y , 18, 325-331. 
151 
Bond, G.H. & Hudgins, P.M. (1980) . I nh ib i t i on of r ed ce l l Ca'^'^-ATPase 
by vanada te . Biochim. B i o p h y s . Acta, 600, 781-790. 
Borg, T.K. & Caul f ie ld , J . B . (1980) . Morphology of connec t ive t i s sue 
in muscle . Tissue and C e l l , 12, 197-207. 
B r a d l e y , M.O. & S h a r k e y , N.A. (1977) . Mutagenicity and t o x i c i t y of v i s i -
b le f luorescent l igh t to cu l t u r ed mammalian c e l l s . Na tu re , 266, 724-
726. 
B rand t , P .W.; Reuben, J . P . ; G i r a r d i e r , L. & Grundfest , H. (1965) . C o r r e -
la ted morphological and phys io log i ca l s t u d i e s on i so l a t ed s ing le muscle 
f i b e r s . J . Cell B i o l . , 25, 233-260. 
B r e n d e l , K. ; Meezan, E. & C a r l s o n , E .C . (1974) . I so l a t ed b r a i n micro-
v e s s e l s : A pur i f ied me tabo l i ca l ly a c t i v e p r e p a r a t i o n from bovine c e r e -
b ra l c o r t e x . Science, 185, 953-955. 
B r e t s c h e r , M.S. (1973) . Membrane s t r u c t u r e : some general p r i n c i p l e s . 
Science, 181, 622-629. 
Can t l ey , L .C. J r . ; Can t l ey , L. G. & J o s e p h s o n , L. (1978) . A c h a r a c t e r i -
zation of vanadate i n t e r ac t i ons wi th the (Na ,K )-ATPasG. Mechanis t ic 
and regu la to ry imp l i ca t i ons . J . Biol . Chem. , 253, 7361-7368. 
Can t l ey , L.C. J r . ; J o s e p h s o n , L . ; Gel les , J . & Can t l ey , L .G. (1979) . 
The ac t ive s i te s t r u c t u r e of the Na,K-ATPase. In "Na,K-ATPase s t r u c -
ture and Kinetics" ( J . C . Skou & J . G . Norby e d s . ) , p p . 1 8 1 - 1 9 1 , Aca-
demic P r e s s , New York . 
Can t l ey , L .C . J r . ; J o s e p h s o n , L . ; Warner, R. ; Yanogisawa, M. ; Lechene , 
C. & Guidot t i , G. (1977) . Vanadate is a potent (Na^+K"*" )-ATPase i n h i b i -
tor found in ATP d e r i v e d from musc le . J . Biol . C h e m . , 252, 7421-
7423. 
C a r l i n , B . ; Jaf f e , R. ; Bender , B. & Chung, A.E. (1981) . Entact in a novel 
basal l amina-assoc ia ted su l fa ted g lycop ro t e in . J . Biol . C h e m . , 256, 
5209-5214. 
Caron i , P. & Carafo l i , E. (1980) . An ATP-dependent Ca -pumping sys tem 
in dog hear t sarcolemma. Nature , 283, 765-767. 
Ca ron i , P. & Cara fo l i , E. (1981) . The Ca'^'^-pumping ATPase of hea r t 
sarcolemma. C h a r a c t e r i z a t i o n , calmodulin dependence and p a r t i a l p u r i f i -
ca t ion . J . Biol . C h e m . , 256, 3253-3270. 
in 
C a r r e l l , R.W.; Winterbourn, C.C. & Rachmi lewi tz , E.A. (1975) , Act iva ted 
oxygen and hemolys i s . Br . J . Haematol . , 30, 259-264. 
Ca ta lan , R . E . ; Mart inez, A .M. ; Aragones, M.D. & Godoy, J . E . (1985) . 
Act ivat ion of a c e t y l c h o l i n e s t e r a s e by v a n a d a t e . Neuropharmacology, 
24. 1119-1122. 
Caul f ie ld , J . B . & F a r q u h a r , M. G. (1974) . The p e r m e a b i l i t y of g lomerular 
c a p i l l a r i e s to g raded d e x t r a n s ; i den t i f i ca t ion of the basement membrane 
as the p r i m a r y f i l t r a t i o n b a r r i e r . J . Ce l l . B i o l . , 63, 883-903. 
Cech , T. ; Pa thak , M.A. & B i s w a s , P.K. (1979) . An e l ec t ron microscopic 
s tudy of the photochemical c r o s s - l i n k i n g of DNA in Guinea pig e p i d e r -
mis by psora len d e r i v a t i v e s . Blochim. B i o p h y s . Acta, 562, 342-360. 
C h a k r a b o r t t e y , A. & St inson, R.A. (1985) . P r o p e r t i e s of membrane bound 
and so lub i l i zed forms of a lka l i ne p h o s p h a t a s e from human l i v e r . Bio-
chim. B i o p h y s . Acta, 839, 174-180. 
Chamness , G.C. & McGuire, W.L. (1975) . Sca t cha rd p l o t s ; common e r r o r s 
in cor rec t ion and i n t e r p r e t a t i o n . S t e r o i d s , 14, 538-542. 
Chapman, D. ; Gomez-Fernandez, J . C . & Goni, F.M. (1982) . The molecular 
bas i s of membrane s t r u c t u r e . T r a n s . Bose Res. I n s t . ( C a l c u t t a ) , 45, 
19-26. 
Cha rney , A.N. ; Silva , P. & Eps t e in , F.H. (1975) . An ln_ v i t r o i n h i b i t o r 
of Na-K-ATPase p re sen t in an adenosine t r i p h o s p h a t e p r e p a r a t i o n . 
J . Appl . P h y s i o l . , 39, 156-158. 
Chas teen , N.D. (1983). The b i o c h e m i s t r y of vanadium. S t ruc t . Bonding, 
53, 105-138. 
Chas teen , N . D . ; Lord, E . M . ; Thompson, H.J , & Grady , J .K . (1986) . Vana-
dium complexes of t r a n s f e r r i n and f e r r i t i n in the r a t . Biochim. Bio-
p h y s . Acta, 884, 84-92. 
C l a r k , R . J .H . (1973). Vanadium. In "Comprehensive Inorganic C h e m i s t r y , 
(C. Bailar J r . e^ al_. , e d s . ) , Vo l .3 , p p . 4 9 1 - 5 5 1 , Pergman, New York. 
Cohen, C M . & Branton, D. (1979) . The ro le of s p e c t r i n in e r y t h r o c y t e 
membrane-s t imulated ac t in po lymer i za t ion . Na ture , 279, 163-165, 
Cohen, M . P . ; Urdani ra , E . ; Surma, M.I. & Wa, U.Y. (1980) . Inc reased 
g lycosyla t ion of g lomerular basement membrane col lagen in d i a b e t e s . 
Biochem. B iophys . Res. Commun. , 95, 765-769. 
IT.? 
Cole , R.S. {1971). Psora len mono adduc t s and i n t e r s t r a n d c r o s s - l i n k s 
in DNA. Biochim. B i o p h y s . Acta, 254, 30-39. 
Couchman, J . R . ; Hook, M.; Rees, D.A. & T i m p l , R. (1983) . Adhes ion , 
growth and matr ix p roduc t ion by f i b r o b l a s t s on laminin s u b s t r a t e s . 
J . Cell Biol . . 96, 177-183. 
Cour ty , P . J . ; T impl , R. & F a r q u h a r , M.G. (1982) . Compra t ive d i s t r i b u t i o n 
of laminin, type IV col lagen and f ib ronec t in in r a t g lomeru lus . J . 
Histochem. Cytochem. , 30, 874-886. 
Cremer , J . E . (1957). The metabol ism _iii v i t r o of t i s s u e s l i c e s from r a t s 
given t r i e t h y l t i n compounds . Biochem. J . , 67, 87-96. 
C u a t r e c a s a s , P. (1974). Membrane r e c e p t o r s . Ann. Rev. B iochem. , 43, 
169-214. 
Dal l 'Acqua , F . ; Marciani , M.S . ; Zambon, F . & Rod igh ie ro , G. (1979) . 
Kinetic ana lys i s of t h e pho to reac t ion (365 nm) between pso ra l en and 
DNA. Photochem. P h o t o b i o l . , 29, 489-495. 
Daniel , E . E . ; Crankshaw, D. & Kwan, C.Y. (1979) . I n t r a c e l l u l a r sources 
of Ca for ac t iva t ion of smooth muscle . In "Trends in Autonomic P h a r -
macology", (Kalsner , S. e d . ) , V o l . 1 , p . 443, Urban & Schwarzenbe rg , 
Bal t imore , Munich. 
Danie l l i , J . F . & Davson, H. (1935) . A con t r ibu t ion to t h e o r y of p e r m e a b i -
l i t y of thin f i l r . s . J . Cell Comp. P h y s i o l . , 5, 495-508. 
Davson, H. & Danie i l i , J . F . (1952) . The p e r m e a b i l i t y of na tura l membrans , 
2nd E d . , Cambridge Unive r s i ty P r e s s , London, New York. 
Debanne, M.T. ; Evans . W.H.; F l in t , N. & Regoeczi , E. (1982) . Recep tor -
r i ch in t r ace l lu l a r membrane v e s i c l e s t r a n s p o r t i n g a s i a l o t r a n s f e r r i n 
and insul in in l i v e r . Nature , 298, 398-400. 
Del rosso , M. ; C a p p e l l e t t i , R. ; V i t i , M. ; Vannucchi , S. & C h i a r u g i , V. 
(1981). Binding of the basement memorane g lycopro te in laminin 
glycosaminoglyeans. Biochem. J . , 199, 699-704. 
DePe t r i s , S. & Raff, M.C. (1973) . L igand- induced r e d i s t r i b u t i o n of Cor-
A recep to r s on normal , t r y p s i n i z e d and t ransformed f i b r o b l a s t s . Na ture , 
244, 275-278. 
Ding, A.H. & Chan, P .C . (1984) . Singlet oxygen in c o p p e r - c a t a l y z e d l i p i d 
pe rox ida t ion in e r y t h r o c y t e membranes . L i p i d s , 19, 2T'S-284. 
l ^ d 
DiPolo, R. & Beasuge, L. (1979) . phys io log i ca l ro le of ATP-dr iven calcium 
pump in squid axon. Na tu re , 278, 271-273. 
Dixon, M. (1953) . Determination of e n z y m e - i n h i b i t o r c o n s t a n t s . Biochem. 
J . , 55, 170-171. 
Dodge, J . T . ; Mi tche l l , C. & Hanahan, D . J . (1963) . The p r e p a r a t i o n and 
chemical c h a r a c t e r i s t i c s of hemoglobin- f ree ghos t s of human e r y t h r o -
c y t e s . ^ B i o c h e m . B i o p h y s . , 100, 119-130. 
Dohlraan, C.H. & Ba lazs , E.A. (1955) . Chemical s t u d i e s on Desceme t ' s 
membrane of the bovine co rnea . Arch . Biochem. B i o p h y s . , 57, 445-
457. 
Dufour, J . P . ; Boutry , M. & Goffeau, A. (1980) . Plasma membrane ATPase 
of yeas t . Comparat ive i nh ib i t i on s t u d i e s of the pu r i f i ed and membrane-
bound enzymes. J. Biol . Chem. , 255, 5735-5741. 
Dux, L. & Martonosi , A. (1983) . Ca -ATPase c r y s t a l s in s a r cop la smic 
re t iculum; Effect of t r y p s i n d iges t ion . J . Biol . Chem. , 258, 10111-
10115. 
E b a s h i , S. ; Endo, M. & O h t s u k i , I . (1969) . Control of muscle con t r ac t ion . 
Quart . Rev. B i o p h y s . , 2, 351-384. 
Ekblom, P . ; Al i ta lo , K.; Vahe r i , A.;& T impl , R. (1080) . Induction of 
a basement membrane g lycopro te in in embryonic k i d n e y . Poss ib le ro le 
of laminin in me tamorphos i s . Proc . Nat l . Acad. Sc i . USA, 77, 485-
489. 
Ellman, G.L. (1959). Tissue su l fhyd ry l g r o u p s . Arch. Biochem. B i o p h y s . , 
82, 70-77. 
Emi l ian i , C. & Delmelle , M. (1983) . L ip id s o l u b i l i t y of p o r p h y r i n s modu-
la tes t h e i r pho to tox i c i t y in membrane mode l s . Photochem. P h o t o b i c l . , 
37, 487-490. 
Evans , W.H. & Hardison , W.G.M. (1985) . P h o s p h o l i p i d , c h o l e s t e r o l , p o l y -
pep t ide and g lycopro te in composi t ion of hepa t i c endosome s u b t r a c t i o n s . 
Biochem. J . , 232, 33-36. 
F a r l e y , J .R . & Bayl ink , D . J . (1986) . Skele ta l a l k a l i n e p h o s p h a t a s e a c t i -
v i t y as a bone formation index _in_ v i t r o . Metabol . Cl in . E x p . , 35, 
563-571. 
1^5 
F a r q u h a r , M.G. (1981). The glomerular basement memrbane, a s e l e c t i v e 
macro-molecular f i l t e r . In "Cell Biology of E x t r a c e l l u l a r m a t r i x " (E .D, 
Hay e d . ) , pp .335 -378 , Plenum P r e s s , New York . 
Fawce t t , D.W. & McNutt, N . S . (1969) . U l t r a s t r u c t u r e of cat myocard ium: 
I ven t r i cu l a r p a p i l l a r y musc le , II Ar t r i a l muscle . J . Cell B i o l . , 42, 
1-91. 
F iehn , W.; P e t e r , J . B . ; Mead, J . F . ; & Gan-Flepano, M. (1971) . L i p i d s 
and fa t ty ac id s of sarcolemraa, s a r c o p l a s m i c r e t i cu lum, and mitochon-
d r i a from r a t ske le ta l mucle. J . Bio l . C h e m . , 246, 5617-5620. 
Finean, J . B . (1962) . The na tu re and s t a b i l i t y of t h e plasma membrane. 
C i rcu la t ion , 26, 1151-1162. 
Finean, J . B . (1972) . Development of i d e a s on membrane s t r u c t u r e . Subce l l . 
Biochem. , 1, 363-373. 
F i s k e , C.H. & SubbaRow, J . (1925) . The c o l o r i m e t r i c de te rmina t ion of 
p h o s p h o r u s . J . Biol . Chem. , 66, 375-400. 
F l e i s c h e r , S. (1981) . Composilion and function of cel l membranes . In 
"Advances in Experimental Medicine Biology", Vol .140, p .49 (S . Wolf, 
& A.K. Murray, e d s . ) , Plenum P r e s s , New York . 
Foe l lmer , H.G.; Madr i , J . A. & F u r t h m a y e r , H. (1983) . Methods in l a b o r a -
tory inves t iga t ion . Monoclonal an t i bod i e s to t y p e IV col lagen . Probes 
for s tudy of s t r u c t u r e and function of basement membrane. Lab . I n v e s t . , 
48, 639-652. 
Fo l ch , J . ; Lees , M. & S tan ley , G.H.S. (1957) . A s imple method for the 
i so la t ion and pur i f i ca t ion of total l i p i d s from animal t i s s u e s . J . Biol . 
Chem. , 226, 497-509. 
Foncin, J . F . & Gruner, J . E . (1979) . Tin n e u r o t o x i c i t y . In " In toxica t ion 
of the nervous s y s t e m , Handbook of Clinical Neurology" ' P . J . Viakin 
& G.W. Bruyn, e d s . ) , pp .279-290 , North-HoHan..: Pub . C o . , Amsterdam. 
Foote , C.S. (1979) . In "Singlet oxygen" (H.H. Washerman & R.W. Murray 
e d s . ) , pp .139-167 , Academic P r e s s , New York. 
Foote , C . S . ; Fujiraoto, T .T . & Chang, C.Y. ' 1 - 7 2 ) . Cherni--try of s ing le : 
oxygen, XV. I r r e l e v a n c e of az ide t r app ing to m-^chanis-; of the ene 
reac t ion . Te t r ahedron L e t t . , 45-48. 
i^e 
Franz in i -Armst rong , C. (1973) . S tudies of the t r i a d ; IV. S t ruc tu r e of 
the .Tnnrtinn in frog slow f i b e r s . J . C e l l . B i o l . , 56. 120-128. 
F r i s e l l , W.R.; Chung, C.W, & Mackenzie , C.G. (1959) , Ca t a ly s i s of o x i d a -
tion of ni t rogen compounds by f lav in coenzymes in the p r e s e n c e of 
l i g h t . J . Biol . Chem. , 234, 1297-1302. 
F u k u s h i , S. & Sp i ro , R. G. (1969) . The lens c a p s u l e : Sugar amino ac id 
composi t ion. J . Biol . C h e m . , 244, 2041-2048. 
Gahmberg, C.G. & Hakomori , S. (1975) , Sugar c a r b o h y d r a t e s of hams te r 
f i b r o b l a s t s . I I . J. Bio l . C h e m . , 250, 2447-2451. 
Gal lagher , S.R. & Leonard , R.T, (1982) , Effect of v a n a d a t e , m o l y b d a t e , 
and az ide on membrane a s s o c i a t e d ATPase and so luble p h o s p h a t a s e 
a c t i v i t i e s of corn r o o t s . P lant , P h y s i o l , , 70, 1335-1340. 
Gang, N , F . (1970), A r a p i d method for the i so la t ion of g lomerul i from 
human k idney . Am, J , Cl in . P a t h . , 53, 267-269. 
Gay, S . ; Rhodes, R.K,; Gay, R,E. & Mi l le r , E . J , (1981), Collagen mole-
cules comprised of o( (v ) cha ins ( r t - c h a i n s ) . An a p p a r e n t loca l i za t ion 
in the exocy toske le ton . Collagen Relat , Res. Cl in . E x p . , 1, 53-58, 
Girott i , A,'.'/. (1983). Mechanism of p h o t o s e n s i i i z a t i o n , Photochem, Photo-
b i o l , , 38, 745-751, 
Gi ro t t i , A,'.v'.; Thomas, J , P , & J o r d a n , J , E , (1985) , Lip id pho toox ida t ion 
in e r y t h r o c y t e g h o s t s : Sens i t i za t ion of membranes towards a s c o r b a t e 
and superox ide induced p e r o x i d a t i o n and l y s i s . Arch, Biochem. B i o p h y s , 
236, 238-251. 
Godfrey, H.J , & Grant, M.E. (1981) , The molecular organiza t ion of b a s e -
ment membranes. Int . Rev. Connect. Tissue R e s . , 9, 265-324. 
Gollnick, K. (1968), Type II photooxygenat ion reac t ions in solr . t ion. Adv. 
Photochem. , 6, 1-122. 
Gor ter , E. & Grendel , F, (1925) , On bimolecular l a y e r s of l i p i d s on 
the chromocytes of the b lood , J , E x p t l . Med , , 41 , 439-443, 
Graf, E. ; Verma, A.K,; Gorski , J , P , ; L i p a s c h u k , G. ; Niggl i , V , ; Zurini , 
M. ; Carafo l i , E, & Pennis ton , J . T , (1982) , Molecular p r o p e r t i e s c. 
calcium-pumping ATPase from human e r y t h r o c y t e s , Biochemis t r -, 2 1 , 
4511-4516, 
I';? 
Graham, D . I . ; Boni l la , E . ; Gonatar , N.K. & Scho t l and , D .L . (1976) . 
Core formation in t h e muscles of r a t s i n t o x i c a t e d wi th t r i e t h y l t i n 
su l fa te . J . Neuropa tho . & E x p t . Neuro l r , 35 , 1-13. 
Grant, M.E. ; Godfrey, H . J . & Ovkin , R.W. (1981) . Current concept of 
basement membrane s t r u c t u r e and function. B iosc i . R e p . , 1, 819-842. 
Grossweiner , L . I . (1969) . Molecular mechanisms- in photodynamic ac t ion . 
Photochem. P h o t o b i o l . , 10, 183-191. 
Grover , A.; Andrews, G. & Adamson, E.D. (1983) . Role of laminin e p i -
thelium formation by Fg a g g r e g a t e s . J . Cell B i o l . , 97, 137-144. 
Hahn, E .G. ; Vargas, L. ; Rohde , H. ; T impl , R. ; Ka lb f l e i s ch , H. ; Bru-
gurea , M. ; Bode, J . C . & Mar t in i , G.A. (1979) . Pathological b i o c h e -
mis t ry of l i ve r f i b r o s i s : s ignif icance serum procol lagen p e p t i d e s 
for diagnosis and s u r v e i l l a n c e . Ye rh . Dtsch . Ges. Inn. Med . , 85, 
465-469. 
Hakomori, S. (1975). S t ruc tu re and organiza t ion of cel l surface g l y c o l i p i d s . 
Dependency on cel l growth and malignant t r ans fo rmat ion . Biochim. 
Biophys . Acta, 417, 55-89. 
Hamaguchi, H. & C leve , H. (1972) . Solubi l iza t ion of human e r y t h r o c y t e 
g lycoprote ins and s e p a r a t i o n of the MN g lycopro te in from a g lyco-
prote in with I , S and A a c t i v i t y . Biochim. B i o p h y s . Acta, 278, 271-
280. 
Hanahan, D.J . (1969). C h a r a c t e r i z a t i o n of the e r y t h r o c y t e membrane. 
In "Red cell membrane s t r u c t u r e and function" (G.A. Jamnieson and 
T . J . Greenwalt , e d s . ) , 2nd, p p . 8 3 - 9 2 , L ipp inco t t Co. P h i l a d e l p h i a . 
Hanahan, D.J . & Ekholm, E . J . (1978) . The e x p r e s s i o n of optimum ATPase 
a c t i v i t i e s in human e r y t h r o c y t e s . Arch. Biochem. B i o p h y s . , 187, 
170-179. 
Hapwood, D. ; Milne, G. ; Khan, M.A.; C r i p s , M. & Walker , M. (1983) . 
Anionic groups in basement membranes . His tochem. J . , 15, 491-494. 
Hasse l , J . R . ; Gehron, R . P . ; B a r r a c h , H . J . ; Wilczek, J . ; Rennard, S . I . 
& Martin, G. R. (1980) . I so la t ion of a h e p a r a n su l fa te -conta in ing p r o -
teoglycan from basement membrane . Proc . Nat l . Acad. Sc i . USA, 77, 
4494-4498. 
Ha tchard , C.C. & P a r k e r , C.A. (1956) . A new s e n s i t i v e chemical ac t ino -
meter , II . Potassium f e r r i o x a l a t e as a s t a n d a r d chemical act i r .ometer . 
Proc. R. Soc . , 235, 513-536. 
J58 
Hayraan, E . G . ; O ldbe rg , A. ; Mart in , G. R. & Ruos lah t i , E. (1982) . Co-
d i s t r i b u t i o n of h e p a r a n sulfate p ro t eog lycan , laminin and f ib ronec t in 
in the e x t r a c e l l u l a r - ma t r ix of normal ra t - k idney c e l l s and t h e i r 
co -o rd ina te obsence in t ransformed c e l l s . J . Cell B i o l . , 94, 28-35 . 
Hebbe l , R . P . ; Eaton, J . W . ; Balas ingam. M. & S te inbe rg , M.H. (1982) . 
Spontaneous oxygen r a d i c a l generat ion by s i c k l e e r y t h r o c y t e s . J . 
Cl in . I n v e s t . , 70, 1253-1259. 
Hebbe l , R . P . ; Sha l ev , O. ; F o k e r , W. & Rank, B.H. (1986) . I n h i b i t i o n 
of e r y t h r o c y t e Ca -ATPase by a c t i v a t e d oxygen through th io l and 
l i p i d - d e p e n d e n t mechan i sms . Biochim. B i o p h y s . Acta, 862, 8-16. 
Heickendorf , L. & L e d e t , T. (1983) . The c a r b o h y d r a t e component of 
a r t e r i a l basement membrane l ike mater ia l (S tud ies on r a b b i t ao r t i c 
myomedial ce l l s in c u l t u r e ) . Biochem. J . , 211, 735-741. 
Heinz, A. ; Rubinson, K.A. & Grantham, J . J . (1982) . The t r a n s p o r t and 
accumulation of oxyvanadium compounds in human e r y t h r o c y t e s in 
v i t r o . J . Lab. Cl in . Med. , 100, 593-612. 
Hel le r , M. & Hanahan, D.J . (1972) . E r y t h r o c y t e membrane bound enzymes : 
ATPases, p h o s p h a t a s e and adeny la t e k inase in human, bovine and 
porcine e r y t h r o c y t e s . Biochim. B i o p h y s . Acta, 255, 239-250. 
Henderson, R. & Unwin, P.M. (1975) . Three dimensional model of p u r p l e 
membrane obta ined by e lec t ron mic roscopy . Nature , 257, 28-32. 
Hes t r in , S. (1949). Reaction of a ce ty l cho l i ne and o t h e r c a r b o x y l i c ac id 
d e r i v a t i v e s with h y d r o x y l a m i n e . J . Bio l . Chem. , 180, 249-261. 
Highsmith , S . ; Baker , D. & Sca les , D . J . (1985) . High aff in i ty and low 
aff ini ty vanadate binding to s a r cop la smic re t i cu lum Ca-ATPase i so l a t ed 
with FITC. Biochim, B i o p h y s . Acta, 817, 123-133. 
Hogan, B .L .M. ; Cooper , A. & Kurkinen, M. (1980) . The high molecular 
weight e x t r a c e l l u l a r p ro te ins s y n t h e s i z e d by endoderm ce l l s d e r i v e d 
from mouse te ra tocarc inoma ce l l s and normal e x t r a e m b r y o n i c membrane. 
Dev. B i o l . , 80, 298-300. 
Howard, J . A. & Ingold , K.U. (1968) . The s e l f - r e a c t i o n of s e c - b u t y l p e r o x y 
r a d i c a l s , confirmation of the Russell mechanism. J . Am. Chem. Soc. , 
90, 1056-1058. 
Huang, W.H. & A s k a r i , A. (1981) . Simultaneous b ind ing o: ATP and vana-
date *o (Na"^ + K^)-ATPase. J . Biol . Chem. , 259, 13287-13291. 
1 f^ ,^  
J, •••'' «J 
Hui, C.W.; Drummond, M. & Drummond, G.I . (1976) . Calcium accumulat ion 
and cyc l i c AMP-st imulated p h o s p h o r y l a t i o n in plasma membrane-en-
r i c h e d p r e p a r a t i o n s of myocard ium. Arch . Biochem. B i o p h y s . , 173, 
415-427. 
Huxley, H.E. (1969). The mechanism of muscular con t r ac t i on . Sc ience , 
164, 1356-1366. 
Huxley, H.E. (1973) . Muscular con t rac t ion and ce l l m o t a l i t y . Na tu re , 
243, 445-449. 
J akubowsk i , T. & C r o w d e r , L .A. (1973) . Binding of 36 C l - D i e l d r i n to 
suspec ted ta rge t and non- ta rge t p r o t e i n s _iii v i t r o . Bu l l . Env i ron . 
Contam. T o x i c o l . , 10, 217-224. 
Jones , L . R . ; Maddock, S.W. & Besch , J r . , H.R. (1980) . Unmasking effect 
of a lami th ic in on t h e (Na + K ) -ATPase , fl - a d r e n e r g i c r e c e p t o r - c o u p l -
ed adeny la te c y c l a s e , and c AMP-dependent p r o t e i n k inase a c t i v i t i e s 
of c a r d i a c sarcolemmal v e s i c l e s . J . Biol . Chem. , 255, 9971-9980. 
J o s h i , A. ; Raza, H. & Khanna, S.K. (1980) . Effects of metanil yellow 
on sex organs of female r a t . Ind . J . Biochem. B i o p h y s . , 17 ( S u p p l . ) , 
106 ( a b s t r a c t ) . 
J o s h i , P .C . (1985). Compar is ion of the DNA-damaging p r o p e r t y of pho to -
sens i t i zed r ibof lav in via s ing le t oxygen ( O ) and s u p e r o x i d e r a d i c a l 
(O^' ) mechanisms. Tox ico l . L e t t . , 26, 211-217. 
Kalebic , T. ; Garbisa , S. ; Glase r , B. & Lio t t a , L.A. (1983) . Basement 
~;embrane collagen: deg rada t ion by migrat ing endo the l i a l c e l l s . Sc ience , 
221, 281-283. 
Kanwer, Y.S. & F a r q u h a r , M.G. (1979a) . Presence of h e p a r a n sul fa te 
in the glomerular basement membrane . P roc . Nat l . Acad. Sc i . , USA, 
76, 1303-1307. 
Kanwer, Y.S. & F a r q u h a r , M.G. (1979b) . Isola t ion of gl ycosaminoglycans 
(hepara nsulfate) from glomerular basement membranes . P r o c . Na t l . 
Acad. S c i . , USA, 76, 4493-4497. 
Kanwer, Y.S. & Ikuo, Y. (1983) . Glycoprotein ( laminin) and p ro teog lycan 
sulfate in basement membrane . Kagakur (Kyoto) , 38, 451-454. 
Kanwer, Y . S . ; Rosenzweig, L . J . & K e r j a s c h k i , D. I . (1981) . Glycosamino-
gl yeans of the g lomerular basement membrane in normal and n e p h r o t i c 
s t a t e s . Renal. P h y s i o l . Base l , 4, 121-130. 
160 
Kanwer, Y,S. ; Veis , A . ; Kimura, J . H , & J a k u b o s k i , M.L. (1984) , C h a r a c -
t e r i za t ion of h e p a r a n su l fa te p ro teog lycan from glomerular basement 
membrane. Proc , Na t l . Acad. Sc i . USA, 8 1 , 762-766. 
Ka r l j i c , I . & El Mohsni , S. (1978) . A new method for t h e de t ec t ion 
of s inglet oxygen in aqueous so lu t ion . Photochem. P h o t o b i o l . , 28 , 
577-581. 
Katz, A.M.; Repke, D . I . ; Upshaw, J . E . & Po la sc ik , M.A. (1970) . C h a r a c -
t e r i za t ion of dog c a r d i a c microsomes: use of zonal cen t r i fuga t ion 
to f ract ionate fragmented s a r cop l a smic r e t i cu lum, (Na + K ) - a c t i v a t e d 
ATPase and mi tochondr ia l f ragments . Biochim. B i o p h y s . Ac ta , 205, 
473-490. 
Kazuyuki , S.Y. & Ikuo , Y. (1983) . Glycoprote in ( laminin) and p r o t e o g l y -
can sulfate in basement membrane . Kagakur (Kyoto) , 38 , 451-454. 
Kearns , D.R. (1979) . Solvent and so lvent i so tope effects on t h e l i fe 
time of s inglet oxygen . In "Singlet oxygen" (V/.H. Wasserman and 
R.W. Murray, e d s . ) , p p . 1 1 5 - 1 3 7 , Academic P r e s s , New York . 
Kefa l ides , N.A. (1966) . A col lagen of unusual composi t ion and a g lyco-
pro te in i so la ted from canine glomerular basement membrane. Biochem. 
B iophys . Res. Comm. , 22, 26-32. 
Kefa l ides , M.A. (1971) . I so la t ion of a collagen from basement membranes 
containing th ree iden t i ca l ^ - c h a i n s . Biochem. B i o p h y s . Res. Comm., 
45, 226-234. 
Kefa l ides , N.A. (1973) . S t ruc tu re and b i o s y n t h e s i s of basement membranes . 
In t . Rev. Connect. Tissue R e s . , 6, 63-104. 
Kefa l ides , N.A. (1978) . Cur ren t s t a tu s of c h e m i s t r y and s t r u c t u r e of 
basement membranes. In "Biology and c h e m i s t r y ni basement membranes" 
(N.A. Kefalides e d . ) , p p . 2 1 5 - 2 3 3 , Academic Pre. 3 , New York . 
Kefa l ides , N.A. & Denduchis , B. (1969) . S t ruc tura l components of e p i t h e -
l ia l and endothe l ia l basement membranes . B i o c h e m i s t r y , 8, 4613-4621. 
Kefa l ides , N.A. & Winzlor, R . J . ;1966) . The chemis t ry of g lomerular 
basement membrane and i t s r e l a t i on to col lagen. B i o c h e m i s t r y , 5, 
702-713. 
Kel le r , R . J . & Sharma, R .P . (1985) . ^£1 v i t r o and _in. v ivo effects of 
vanadate on K -dependen t p h o s p h a t a s e activi:-.- from s u b c e l l u l a r f r a c -
tions oi. b r a i n , k i anev and li-/-?r. Toxico l . L^ - : . , 26, i ° - 2 4 . 
Khanna, R.N. ; Misra , D. ; Anand, M. & Sharma, H.K. (1979) . Dist 
t ion of endosulfan in cat b r a i n . Bul l . Env i ron . Contam. T o x i c o l . , 
22, 72-79. 
Khanna, S.K.; S r i v a s t a v a , L . P . & Singh, G.B. (1978) . Tox ic i ty s t u d i e s 
of metanil yellow in r a t s . Envi ron . R e s . , 15, 227-231. 
K ibe l , G. ; He i lhecke r , A. & Von-Brucchausen, F . (1976) . L i p i d s a s s o c i a -
ted with bovine k i d n e y glomerular basement membranes . Biochem. 
J . , 155, 535-541. 
Kidwai , A.M. (1978). I so la t ion of plasma membrane from smooth, h e a r t 
and ske le ta l muscle . Methods Enzymol . , 3 1 , 134-144. 
Kidwai , A.M.; Radcl i f fe , M.A. & Danie l , E . E . (1971a) . I so la t ion and 
cha rac t e r i z a t i on of plasma membrane from r a t myometrium. Biochim. 
B iophys . Acta, 233, 538-549. 
Kidwai , A.M.; Radcl i f fe , M.A.; Duchon, G. & Daniel , E . E . (1971b) . 
Isolat ion of plasma membrane from c a r d i a c muscle . Biochem. B i o p h y s . 
Res. Commun. , 45, 901-910. 
Kidwai , A.M.; Radcl i f fe , M.A.; Lee, E.Y. & Daniel , E .E . (1973) . I so la -
tion and p r o p e r t i e s of ske l e t a l muscle plasma membrane. B ioch im. 
B iophys . Acta, 298, 593-607. 
King, M..M.; La i , S.K. & McCay, P . B . (1'~'75). Singlet oxygen product ion 
assoc ia ted with enzyme ca ta lyzed l i p i a p e r o x i d a t i o n m l i v e r rr..,,-o-
somes, J . Biol . Ghem. , 250. 6496-6502. 
Kitao, T. & Hat tor i , K. (1983) . I nh ib i t i on of e r y t h r o c y t e ATPase a c t i v i t y 
by aclacinomy-^in and r e v e r s e effects of a s c o r b a t e on ATPase a c t i v i t y . 
Expe r i en t i a , 39, 1362-1364. 
K l i p , A. & Walker, D. (1983) . The glucose t r a n s p o r t sys tem of muscle 
membrane: c h a r a c t e r i z a t i o n by means of ( H) c y t o c h a l a s i n B b ind ing . 
Arch. Biochem. B i o p h y s . , 2 1 , 175-187, 
Koketsu, K.; Kitamura, R. & Tanaka , L. (1964) . Binding oi ca lc iu r . 
ions to cell nembrnne i so la ted from bul l f rog ske le t a l muscle . Am. 
J . P h y s i o l . , 21)7, 509-512. 
Kono, T. & Colowick, S .P . (1961) . I so la t ion of ske l e t a l muscle cei l 
membrane and some of i t s p r o p e r t i e s . Arch . Biochem. B i o p h - . i . , 
93, 520-533. 
Korycka-Dahl , M. & R i c h a r d s o n , T. (1980) . Pho todegrada t io of DNA 
wi th f luorescent l igh t in the p re sence of r i b o f l a v i n , and p h c t o p r o -
tect ion by fjavin t r i p l e t - s t a t e q u e n c h e r s , Biochim, B i o n h y s . Acta, 
610, 229-234. 
Krakower , C.A. & Greenspon, S.A. (1951) . Local iza t ion of n e p h r o t o x i c 
antigen wi th in the i s o l a t e d rena l g lomeru lus . Arch . P a t h o l . , 5 1 , 
629-639. 
Krakower , C.A. & Greenspon, S.A. (1978) . The i so la t ion of basement 
membranes. In "Biology and C h e m i s t r y of basement membranes" (Kefa-
l i d e s , N.A. e d . ) , p p . 1 - 6 , Academic P r e s s , New York. 
Kramer, H.E.A. & Maute, A. (1972) . Sens i t i zed photooxygenat ion a c c o r d -
ing to type I mechanism ( r a d i c a l mechan i sm) . I Flash p h o t o l y s i s 
e x p e r i m e n t s . Photochem. P h o t o b i o l . , 15, 7-23. 
Kuhn, K. ; Wiedemann, H. ; Timpl , R. ; R i s t e l i , J . ; Diev inger , H. ; Voss , 
T. & Glanvi l le , R.W. (1981) . Macromolecular s t r u c t u r e of basement 
membrane collagen: iden t i f i ca t ion of 75 collagen as a c r o s s l inking 
domain of type IV co l l agen . FEES L e t t . , 125, 123-128. 
Kwan, C.Y. (1982). Magnesium ion- or calcium i o n - a c t i v a t e d ATPase 
a c t i v i t i e s of plasma membranes i so l a t ed from vascu la r smooth muscle . 
Enzyme. 28, 317-327. 
Kwan, C.Y. (1983). C h a r a c t e r i s t i c s of plasmalemma a lka l ine o h o s p h a t a s e 
of ra t .T.esentric a r t e r y . Blood V e s s e l s , 20, 109-121. 
Laemmli, U.K. (1970). Cleavage of s t r u c t u r a l p r o t e i n s during the assem-
b ly of the head of b a c t e r i o p h a g e T . Nature , 227, 680-685. 
Lamers , J . M . J . & S t i n i s , J . T . (1980) . Phospho ry l a t i on of low molecular 
weight prote ins in pu r i f i ed p r e p a r a t i o n s of r a t hea r t sarcolemma 
and sarcoplasmic r e t i c u l u m . Biochim. B i o p h y s . Acta, 624. 443-459. 
Lamers , J . M . J . & S t i n i s , J . T . (1981) . An e lec t rogen ic Na /Ca"^"^ antioo^-
in add i t ion to the Ca -pump in c a r d i a c sarcolem.ma. Biochim. Bio-
p h y s . Acta, 640, 521-534. 
Lee . K.S. & Shin, B .C . (1969) . Studies on the a c t i v e t r a n s p o r t of c a l -
cium in human red c e l l s . J . Gen. P h y s i o l . , 54, 713-729. 
Le ivo , I . (1983). S t ruc tu re and composi t ion of e a r l y basement membranes : 
s tud ie s with e a r l y embryos and teratocarcinoma c e l l s . Med. B i o l . , 
61 , 1-30. 
Le ivo , I . ; V a h e r i , A.; T imp l , R. & Was t iovaara , J . (1980) . Appearance 
and d i s t r i b u t i o n of co l lagens and laminin in the e a r l y mouse e m b r y o s . 
Dev. Biol . , 76, 100-114. _ . . 
Lena rd , J . & Singer , S . J . (1966) . P ro t e in conformation in cel l membrane 
p r e p a r a t i o n s as s t ud i ed by o p t i c a l r a t a t o r y d i s p e r s i o n and c i r c u l a r 
d ichro is ra . Proc . Nat l . Acad. Sc i . USA, 56, 1828-1835. 
L i d s k y , M.D.; Sha rp , J . T . & Rudee, M.L. (1967) . Studies on a c e l l u l a r 
bovine g lomerul i . I s o l a t i o n , chemical composi t ion and demons t ra t ion 
of collagen with an unusual h y d r o x y l y s i n e : Hydroxypro l ine r a t i o . 
Arch . Biochem. B i o p h y s . , 121, 491-501. 
L io t t a , L .A . ; Abe, S . ; Robey, P. G. & Mart in , G. R. (1979) . P re fe ren t i a l 
d iges t ion of basement membrane col lagen by an enzyme d e r i v e d from 
a metas ta t ic murine tumor. P roc . Nat l . Acad. Sc i . USA, 76, 2268-
2272. 
Lock, E.A. & Aldr idge , W.N. (1975) . The binding of t r i e t hv l t i n to r a t 
b ra in myel in . J . Neurochem. , 25 , 871-876. 
Loor , F. (1981) . In "C y toske l c t a l element and plasma membrane o rgan iza -
tion" (G. Posle & G.L. Nicolson e d s . ) , p p . 2 5 3 - 3 3 5 , E l s e v i e r / N o r t h 
Holland Biomedical P r e s s , Amsterdam. 
Lowe-Krentz, L . J . S; Ke l l e r , J .M. (1983) . Mult iple heparan sulfate p r o -
teoglycans syn ihes i zed by a basement membrane producing murine 
embryonal carcinoma cel l l i n e s . B i o c h e m i s t r y , 22, 4412-4419. 
Lowry , O.H.; Rosebrough, N . J . ; F a r r , A .L . & Randal , R . J . ( 1 9 J 1 ) . 
Protein measurement wi th fo l in -phenol r eagen t . J . Biol . C h e m . , 193, 
265-275. 
Lucy, J . A. f l964) . Globular l i p i d mice l l e s and cel l m e m l r a n e s . J . Taeore 
B i o l . , 7, 3 6 - 3 7 3 . 
Lux, S.E. (197- ,. i s sec t ing the r e d ce l l memorane ske l e ton . Na tu re , 
281, 426-4. , . 
Lynch , F\.E. & Fr id , :v i ch , I . v 19 3) . Effects of 3 v e r o x i d e on the e r y -
th rocy t e membrane. J . Bio l . C h e m . . 253, 1838-18-1:. 
Macara, I . G . ; Kustin, K. & Can t l ey , L . C . J r . (19S0). Glutathione reduces 
cy toplasmic vanada te . Mechanism and p h y s i o i o s i c a l imr i c a t i o n s . 
Biochim. B i o p h y s . Ac:a, 629, 95-106. 
Ivladri, J . A . ; Foel lmer , E.G. & F u r t h m a y e r , H, (1983) . U l t r a s t ruc tu r a l 
morphology and domain s t r u c t u r e of a unique collagenous component 
of b2.semen+ membrane, b i o c h e m i s t r y , 2Z, 2797-2804. 
Magee, P .N . ; Stoner, H.B. & Ba rnes , J .M. (1957) . The expe r imen ta l 
product ion of edema in the cen t r a l ne rvous sys tem of the r a t by 
t r i e t h y l t i n compounds. J . Pa tho l . Bact . , 73 , 102-124. 
Mandel, S . S . ; Shin, D . H . ; Newman, B . L . ; Lee , J . H . ; Lupov i t ch , A. 
& Drakes , G.H.N. (1983) . Glycosyla t ion _m v ivo of human lens capsu le 
(basement membrane) and d i a b e t e s m e l l i t u s . Biochem. B i o p h y s . Res. 
Commun. , 117, 51-56. 
Marches ! , V.T. (1979). S p e c t r i n : p r e s e n t s t a tu s of a p e r t a t i v e c y t o -
ske le t a l p ro te in of the r e d cel l membrane. J . Membrane B i o l . , 5 1 , 
101-131. 
Marches i , V . T . ; F u r t h m a y e r , H. & Tomita , M. (1976) . The r e d ce l l 
membrane. Ann. Rev. B iochem. , 45, 667. 
Mart in , G.R.; Rohrboch, D.H. ; T e r r a n o v a , V .P . & L io t t a , L.A. (1983) . 
S t ruc tu re , function and pa thology of basement membranes . Monogr. 
P a t h o l . , 24, (Connect. Tissue d i s . ) , 16-30. 
Mart inez-Hernandez, A. & Amenta, P . S . (1983) . The basement membrane 
in pa thology . Lab. I n v e s t . , 48, 656-677. 
Mart inez-Hernandez. A. & Cliung, A .E . (19S4). U l t r a s t ruc tu r a l loca l iza t ion 
of two components, en tac t in and laminin in ra t t i s s u e . J . His tochem. 
Cytochem. , 32, 2S9-296. 
Mart inez-Hernandez, A.; Mi l l e r , E . J . ; Damjahov, S. & Gay, S. (1982) . 
Laminin-secret ing yolk sac carcinoma of the r a t . Biochemical an 
e lec t ron immunohistochemical s t u d i e s . L a b . I n v e s t . , 47. 247-2F^ 
Marion, L..:'.G. & Arnason. B.G.'.V. (1982) . A ba;:c-:er.t rr.c-nbrar.e assoc 
ted gl vcor •/oteia from s k e i j t a l musci'. . J . Ce:'. Biccr.em., 19, 3; -
381. 
Mat l ib , M.A.; Crankshaw, J . ; Gar f ie ld , R . E . : Crankshav.", D . J . ; Kv-- . , 
C .Y. ; Branda , L.A. & Daniel , E.,'^. (1979 . Charat.-eri^iation o- r. 
brane fract ions and i so la t ion oi pur i f i ed Dla;";m.: membranes :" 
ra t myometrium. J . Bio l . C ' e m . , 254, i 8 3 4 - 1 8 4 j . 
105 
Matsmura, F. & Pa t i l , K.C. (1969) . Adenosine t r i p h o s p h a t a s e s e n s i t i v i t y 
to DDT in synapses of r a t b r a i n . Science , 166, 121-122. 
McColles ter , PL.L, (1962) . A method . for i so la t ing ske l e t a l muscle ce l l 
membrane components. Biochim. B i o p h y s . Acta , 57, 427-437. 
McCord, J .M. & F r i d o v i c h , I . (1969) . Superox ide d i smutase : an enzymic 
function for e r y t h r o c u p r e i n ( h e m o c u p r e i n ) . J . Biol . Chem. , 244, 
6049-6055. 
McNamara, D . B . ; Su lakhe , P.V. & Dhal la , N . S . (1971) . P r o p e r t i e s of 
the sarcolemmal calcium ion - s t imu la t ed adenosin t r i p h o s p h a t a s e of 
hamster ske le ta l musc le . Biochem. J . , 125, 525-530. 
Meezan, E . ; Brende l , K. & Car l son , E.G. (1974) . Isola t ion of a p u r i f i e d 
p r e p a r a t i o n of me tabo l i ca l ly ac t i ve r e t i na l blood v e s s e l . Na tu re , 
251, 65-67. 
Meezan, E. ; Brendel , K. ; Hje l le , J . T . & Ca r l son , E .C. (1978) . A v e r -
sa t i l e method for t h e i so la t ion of u l t r a s t r u c t u r a l l y and chemica l ly 
pure basement membranes without son ica t ion . In "Biology and c h e m i s t r y 
of basement membranes" ( K e f a l i d e s , N.A. e d . ) , p p . 1 7 - 3 0 , Academic 
P r e s s , New York. 
Merke l , P . D . ; Nilsson, R. & Kearns , D. R. (1972) . Deuterium effects 
on singlet oxygen l i fe t imes in so lu t ion . A new tes t of s inglet oxygen 
r e a c t i o n s . J . Am. Chem. Soc. , 94, 1030-1031. 
Micholac, M.; Famuisk i , K. & Carafol i , E. (1984) . The Ca -pumping 
ATPase in ske le ta l muscle sarcolemma. J . Bio l . Chem. , 259, 15540-
15547. 
Miyada, D.S. & T a p p e l , A.L. (1956) . A co lo r ime t r i c de te rmina t ion of 
h y d r o x y p r o l i n e . Anal. C h e m . , 28, 909-910. 
Moffet, F . J . ; Kidwai, A.M. & Baer , H .P . (1976) . Adenyl c y c l a s e , c y c l i c 
nucleot ide p h o s p h o d i e s t e r a s e and n o r e p i n e p h r i n e binding in ra t h e a r t 
membranes. In "Recent advances in s t u d i e s on c a r d i a c s t r u c t u r e and 
metabol ism". The sarcolemma ( P . E . Roy & N . S . Dhalla e d s . ) , p p . 1 8 3 -
191, Univers i ty Park P r e s s , Ba l t imore . 
Nay le r , W.G. (1973) . Regulation of myocard ia l function, a subce l lu l a r 
phenomenon. J . Mol. Cell C a r d i o l . , 5, 213-219. 
Jfifi 
N a y l e r , W.G. (1977). The plasma membrane and sa rcop la smic re t icu lum 
of muscle . In "Mammalian ce l l membranes" , V o l . 3 , p p . 147-171 ( Jamnieson , 
_ G.A. & Robinson, D.M, e d s . ) , But terv/or th & Co. ( P u b l i s h e r s ) L t d . 
Nechay , B.R. (1984) . Mechanism of ac t ion of vanadium. Ann. Rev. P h a r -
macol. T o x i c o l . , 24, 501-524. 
Nechay, B .R . ; Nanniuga, L . B . & Nechay , P . S . E . (1986) . Vanadyl ( i v ) 
and vanadate (v) binding to s e l e c t e d endogenous p h o s p h a t e , c a r b o x y l 
and amino l igands : Calcu la t ions of c e l l u l a r vanadium spec i e s d i s t r i -
but ion. Arch. Bioch. B i o p h y s . , 251, 128-138. 
Nelson, D.A. & Benson, E .S . (1963) . On the s t r u c t u r a l cons t i tuen ts of 
the t r a n s v e r s e tubular sys tem of r a b b i t and human myocardia l c e l l s . 
J . Cell B i o l . . 16, 297-313, 
Niggl i , v . ; Adunyah, E . S . ; Pennis ton, J . T . ; Ca ra fo l i , E. (1981) . Pur i f ied 
(Ca + Mg )-ATPase of the e r y t h r o c y t e membrane r econs t i tu t ion 
and effect of calmodulin and p h o s p h o l i p i d s . J . Biol . Chera . , 256, 
395-401. 
Ni lsson, S.E.G. (1964) . A g lobular s t r u c t u r e of the r e t i na l r e c e p t o r 
outer segment membranes and some o the r cel l membranes in t a d p o l e . 
xN'ature, 202, 509-510. 
Oh, S. ; P i e r s c h b a c h e r , M. & Ruos lah t i , E. (1981) . Deposit ion of plasma 
f ibronect in in t i s s u e s . P roc . Nat l . Acad. Sc i . USA, 78, 3218-3221. 
Ohkawa, H. ; O h i s h i , N. & Yagi, K. (1978) . Reaction of l ino le ic ac id 
h y d r o p e r o x i d e with t h i o b a r b i t u r i c a c i d . J . L ip id R e s . , 19, 1053-
1057. 
O 'Nea l , S .G. ; Rhoads , D.B. & Racker , E. (1979) . Vanadate i n h i b i t i o n 
of sa rcoplasmic re t i cu lum Ca -ATPase and o the r ATPases . Biochem. 
B i o p h y s . Res. Commun. , 89, 845-850. 
O s t e r b y , R. & Gunderson, H . J . G . (1980) . Fast accumulation of basement 
membrane material and the r a t e of morphological changes in acute 
exper imenta l d i a b e t i c g lomerular h y p e r t r o p y . Diabeto logica , 18, 493-
500. 
Over ton , E. (1899). Uber d ie al lagemeinen osraot ischen Eigenschaf ten 
der Zelle, i h r e ve rmut l i chen Ursachen und i h r e Bedeutung fiir d ie 
Phys io log ie , Naturforschende Gesel lschaf t zu Zur ich , V i e r t e l j a h r e s s c h r . 
Naturforsch. Gen. Zur ich , 44, 88. 
Jfi? 
Pandey , R.N. ; Zaidi , S . I .M. & Kidwai , A.M. (1985) , Effects of p e s t i c i d e s 
on frog ske le t a l muscle sarcolemmal enzymes . J . Envi ron . B i o l . , 
6, 7-9. 
P a t h a k , M.A. & J o s h i , P . C . (1984a) . Product ion of ac t i ve oxygen s p e c i e s 
( O and O • ) by p s o r a l e n s and ult 
Biochim. B iophys . Acta, 798, 115-126. 
r a v i o l e t r ad i a t i on (320-400 nm] 
P a t h a k , M.A. & J o s h i , P .C . ( 1984b) . The ro le of ac t ive oxygen ( O 
and O "^ ) induced by c rude coal t a r and i t s i ng red ien t s used in p h o t o -
chemotherapy of sk in d i s e a s e s . J . I n v e s t . Dermato l . , 82, 67-73 . 
Peachey , L .D. (1965). Sarcoplasmic re t i cu lum and t r a n s v e r s e t ubu le s 
of frog muscle . J. Cell B i o l . , 25 , 209-231. 
Penninks , A.H. & Seinen, W. (1980) , Tox ic i t y of organotin compounds: 
IV impairment of energy metabol ism of r a t thymocytes by v a r i o u s 
d i a l k y l t i n compounds. Tox ico l . App l . P h a r m a c o l . , 56, 221-231. 
Penzer , G.R, (1970). C h e m i s t r y of f l av ins and f l a v o p r o t e i n s : a e r o b i c 
p h o t o c h e m i s t r y . Biochem. J . , 116, 733-743. 
P e t e r , J . B . (1970). A (Na"^ + K'^)-ATPase of sarcolemma from s k e l e t a l 
muscle . Biochem. B i o p h y s . Res . Commun. , 40, 1362-1367. 
Pos t , R . L . ; Hunt, D . P . ; Walderhaug, M , 0 . ; P e r k i n s , R .C . ; P a r k , J . H . 
& Beth, A.H. (1979), Vanadium compounds in re la t ion to i n h i b i t i o n 
of sodium and potassium adenos ine t r i p h o s p h a t a s e in Na, K-ATPase 
s t ruc tu re and k ine t ics ( J , C . Skou & J . G . N'orby e d s . ) , p p . 3 8 9 - 4 0 1 , 
Academic P r e s s , New York. 
P r i t c h a r d , J . B . (1979). Toxic subs tances and cel l membrane f tmction. 
Fed . P r o c , 38, 2220-2225, 
P r o s t , C ; Dubor t re t , L. ; Fos se , M. ; Wechs le r , J . & Toura ine , R, (1984) . 
A rout ine immunoelec t ron-microscopic technique for local iz ing an a u t o -
an t ibody on ep idermal basement membrane, B r i t i s h J . D e r m a t o l . , 
110, 1-11. 
Quanne, C, & Wilson, T, (1968) , Quenching of s ingle t oxygen by t e r t i a r y 
a l i p h a t i c amines . Effect of DABCO, J . Am. Chem, S o c , 90, 6527-
6528. 
Rao, G.N,; Goldstein, I . J . & L i o t t a , L.A. (1983) . Lect in binding domains 
on laminin. Arch. Biochem. , B i o p h y s . B i o p h y s . , 227, 113-124. 
ellc Raza, H, ; Khanna, S.K. & Singh, G.B. (1978) . Effect of metanil y l low 
on the gas t r i c s ec re t ion of r a t s . Ind . J . Biochem. B i o p h y s . , 15 
( S u p p l . ) , 77 ( a b s t r a c t ) . 
Rennke, H.G, ; Cotran, R.S . & Venkatachalam, M.A. (1975) . Role of mole-
cular charge in glomerular p e r m e a b i l i t y ; t r a c e r s t u d i e s wi th ca t ion ized 
f e r r i t i n s . J . Cell B i o l . , 67, 638-646. 
Rifkin, R . J . (1965). In^ v i t r o i n h i b i t i o n of Na + K and Mg ATPases 
by mono, di and t r i v a l e n t c a t i o n s . P roc . Soc. E x p . B io l . Med . , 
120, 802-804. 
R i s t e l i , J . ; Bachinger , H . P . ; Engel , J . ; F u r t h m a y e r , H. & T i m p l , R. 
(1980) . 7S col lagen: c h a r a c t e r i z a t i o n of an unusual basement membrane 
s t r u c t u r e . Eur. J . B iochem. , 108, 239-250. 
R i s t e l i , L. & Timpl , R. (1981) . I so la t ion and c h a r a c t e r i z a t i o n of p e p s i n 
fragments of laminin from human placenta l and renal basement mem-
b r a n e s . Biochem. J . , 193, 749-755. 
Roach, A.G. ; Sanderson, P. & Wil l iams, D.R. (1968) . Determinat ion of 
t r ace amounts of c o p p e r , zinc and magnesium in animal feeds by 
atomic absorp t ion s p e c t r o p h o t o m e t r y . Analys t , 93 , 42-49. 
Rober tson , J .D . (1964) . Unit membranes : A rev iew with recent new s tu -
d ies of exper imenta l a l t e r a t i o n s and a new subunit s t r u c t u r e in s y n a p -
t ic memoranes. In "Cel lu lar membranes in development" (M. Locke , 
e d . ) , p p . 1 - 8 1 , Academic P r e s s , New York. 
Robinson, J .D . & Mercer , R.W. (1981) . Vanadate binding to the (Na"*" 
+ K'*")-ATPase. J . Bioenerg . B iomembr . , 13, 205-218. 
Roe, J . H . (1955). The de te rmina t ion of sugar in blood and sp ina l f luid 
wi th anthrone reagen t . J . B io l . Chem. , 212, 335-343. 
Rose, M.S. & Ald r idge , W.N. (1968) . The in te rac t ion of t r i e t h y l t i n wi th 
components of animal t i s s u e s . Biochem. J . , 106, 821-828. 
Rosenberg, S.A. & Guidot t i , G. (1968) . Prote ins of t h e e r y t h r o c y t e mem-
b r a n e : s t ruc tu re and a r rangement in the membrane. In "Red ce l l mem-
brane s t ruc tu re and function" (Jamnieson, G.A. & Greenwal t , T . S . 
e d s . ) , pp .93-109 , L ipp inco t t C o . , P h i l a d e l p h i a , USA. 
Rosentha l , S .L . ; Edelman, P.M. & Schwar t z , I . L . (1965) . A method 
for the p repa ra t ion of s k e l e t a l muscle sarcolemma. Biochim. B i o p h y s . 
Acta, 109, 512-517. 
Jfil 
Ross i , J . P . F . C . ; Gar rahan , P . J . ; Rega, A . F . (1981) . Vanadate i n h i b i t i o n 
++ 
of ac t i ve Ca - t r a n s p o r t a c r o s s human r e d cell membranes . B ioch im. 
B i o p h y s . Acta, 6r48, 145-150. 
R o t h s c h i l d , K . J . & S tan ley , H.E . (1972) . The molecular o rganiza t ion and 
function of biological membrane: A p o s s i b l e microscopic p i c t u r e of 
ionic permeat ion . In "Membranes and v i r u s e s in immunopathology" (Day, 
S.B. & Good, R.A. e d s . ) , p p . 4 9 - 7 2 , Academic P r e s s , New York. 
Roths te in , A. (1959). Cell membrane as s i t e of act ion of heavy m e t a l s . 
Fed . P r o c . 18, 1026-1035. 
S a k a s h i t a , S . ; Engvall , E. & Ruos lah t i , E. (1980) . Basement membrane 
g lycopro te in laminin b inds to h e p a r a n , FEES L e t t . , 116, 243-246. 
Salo , T. ; Lio t ta , L.A. & Tryggvason , K. (1983) . Purif icat ion and c h a r a c -
t e r i za t ion of a murine basement membrane co l lagen-degrading enzyme 
sec re t ed by metas ta t ic tumor c e l l s . J . Bio l . Chem. , 258, 3058-3063. 
Sanes , J . R . (1982). Laminin, f i b ronec t in and collagen in s y n a p t i c and 
e x t r a s y n a p t i c por t ions of muscle f ibe r basement membrane. J . Cell 
B i o l . , 93, 442-451. 
Sanes , J .R . & Hall , Z.V/. (1979) , Ant ibodies that bind s p e c i f i c a l l y to 
synap t i c s i t e s on muscle f i be r basa l lamina . J . Cell B i o l . , 83 , 357-
370. 
Sanes , J . R . ; Marsha l l , L.M. & McMahan, U . J . (1978) . Rp.^  nne rva t ion of 
muscle f iber basal lamina a f t e r removal of m y o f i b r i l s . J . Cell B i o l . , 
78, 176-198. 
S c a t c h a r d , G. (1949). The a t t r a c t i o n s of p ro t e in s for small molecules 
and ions . Ann. N.Y. Acad. S c i . , 5 1 , 660-672. 
Schuppan, D. ; Timpl , R. & Glanv i l l e , R.W. (1980) . Discont inut ies in the 
t r i p l e - h e l i c a l sequence ( G l y - x - y ) n oi basement membrane ( t y p e IV) 
col lagen. FEBS L e t t . , 115, 297-300. 
Scot t , P .G. (1983). Macromolecular cons t i tuen t s of basement membranes . 
Can J . Biochem. , 6 1 , 942-948. 
Seinen, W. & Penninks, A.H. (1979) . Immune s u p p r e s s i o n as a consequence 
of a s e l ec t i ve c y t o t o x i c i t y of c e r t a i n organometal l ic compounds on 
thymus and thymus dependent l y m p h o c y t e s . Ann. N.Y. Acad. C c i . , 
320, 499-517. 
170 
Sekiguch i , K.; Hakomori, S. ; F u n a h a s h i , M. ; Matsumoto, I . & Seno, N. 
(1983). Binding of f i b ronec t in a i d i t s p r o t e o l y t i c fragments to g lyco -
saminoglyeans. Exposure of c r y p t i c g lycosaminoglycan-b inding domains 
upon l imi ted p r o t e o l y s i s . J . B io l . Chem. , 258, 14359-14365. 
Selwyn, M . J . ; Dawson, A . P . ; S t o c k d a l e , M. & Grains , N. (1970). C h l o r i d e -
h y d r o x i d e exchange a c r o s s mi tochondr ia l e r y t h r o c y t e s and a r t i f i c i a l 
l i p i d membranes media ted by t r i a l k y l t i n and t r i p h e n y l t i n compounds. 
Eur. J . Biochem., 14, 120-126. 
S h i e l d s , S .E . ; Ogi lv ie , D . J . ; McKinnell , R. G. & T a r i n , D. (1984) . Degra-
dation of basement membrane col lagens by meta l lopro teases r e l e a s e d 
by human, murine and a m p h i b i a n tumor . J . P a t h o l . , 143, 193-197. 
Singer , S . J . (1974). The molecular o rganiza t ion of membranes. Ann. Rev. 
Biochem. , 43, 805-833. 
Singer , S . J . & Nicolson, G.L. (1972) . The f lu id mosaic model of the 
s t ruc tu re of cell membranes . Science, 175, 720-731. 
S jos t rand, F .S . (1960). Morphology of o r d e r e d b io logica l s t r u c t u r e . Radia t . 
Res. S u p p i . , 2, 349-386. 
S jos t rand , F .S . (1965) . Molecular s t r u c t u r e of cy top lasmic membranes 
and of mi tochondr ia . In " In t r ace l lu l a r membranous s t r u c t u r e " . Proc . 
1st In te rn . Symp. Cel lu la r C h e m . , Ohtsu , J apan , 1963 (S. Seno & E.V. 
Crowdry , e d s . ) , Symp. Japan Soc. Cell B i o l . , 14, Suppl . , 103-125. 
S k a l s k y , H.L. & Guthr ie , F . E . (1978) . Binding of i n s ec t i c i de s to human 
serum p r o t e i n s . Tox ico l . App l . P h a r m a c o l . , 43, 229-232. 
S luyterman, L.A. (1962) . Pho toox ida t ion , s ens i t i z ed by p r o f l a v i n , of a 
number of /otein c o n s t i t u e n t s . Biochim. B i o p h y s . Acta, 60, 557-561. 
Smi th , H.W. (1962). The plasma membrane wi th notes on the h i s t o r y 
of botany. Ci rcu la t ion , 26, 987-1012. 
Smith , R.L. & Bernf ie ld , M. (1982) . Mesenchyme ce l l s degrade e p i t h e l i a l 
basal lamina g lycosaminoglycan. Dev. B i o l . , 94, 378-390. 
S p i r o , R.G. (1967) . S tudies on the renal g lomerular basement membrane: 
nature of the c a r b o h y d r a t e uni ts and t h e i r a t tachment to the p e p t i d e 
p o r t i o n s . J . Biol . C h e m . . 424, 1915-1932. 
171 
S p i r o , R.G. & Narayanan, P. (1982) . S tudies on the p ro teog lycans of 
basement membrane. In "New t r ends basement membrane r e s e a r c h " . 
(K, Kuhn, H. Schoene, & T i m p l , R. e d s . ) , Workshop conference , Hoe-
c h s t , 10th, 1981, p p . 8 7 - 9 8 , Raven P r e s s , New York. 
S p i t z e r , E. ; Grosse, R. ; K r p r i y a n o v , V. & P r e o b r a z h e n s k y , A.N. (1981) . 
Demonstration of a d i g i t a l i s - s e n s i t i v e sarcolemmal calcium (2+)-pump 
functionally coupled wi th a membrane a s soc i a t ed c r e a t i n e p h o s p h o k i n a s e . 
Acta Biol . Med. Germ. , 40, 1111-1122. 
S r i v a s t a v a , L . P . ; Khanna, S.K. & Singh, G.B. (1978) . Spec t ropho tomet r i c 
es t imat ion of metanil yellow in foods tuf fs . In t . J . Environ. Anal. 
Chem. , 5, 119-124. 
S teck , T .L . (1974). The organ iza t ion of p ro t e in s in human red blood 
cell membrane. J . Cell B i o l . , 62, 1-19. 
S teck , T .L . & Dawson, G. (1974) . Topograph ica l d i s t r i b u t i o n of complex 
c a r b o h y d r a t e s in the e r y t h r o c y t e membrane. J . Biol . Chem. , 249, 
2135-2142. 
S te in , V/.D. & Danie l l i , J . F . (1956) . S t ruc tu re and function in r e d cei l 
p e r m e a b i l i t y . Disc. Fa raday S o c . , 2 1 , 238-251. 
S toeckenius , V/. & Engelman, D.M. (1969) . Current models for the s t r u c t u r e 
of biological membranes . J . Cell B i o l . , 42, 613-646. 
Su lakhe , P.V. & Dhal la , N .S . (1971) . Exc i ta t ion and contrac t ion coupling 
in h e a r t ; demonstra t ion of calcium a c t i v a t e d ATPase in the dog hea r t 
sarcolemma. Life Sc ience , 10, 185-191. 
Su l akhe , P .V . ; Drummond, G.I . & Ng, D.C. (1973) . Calcium binding by 
ske le ta l muscle sarcolemma. J . Biol . Chem. , 248, 4150-4163. 
Su l akhe , P . v . ; Leung, N .L .K . & St . Louis , P . J . S r . (1976) . Stimulation 
of calcium accumulation in c a r d i a c sarcolemma by p ro t e in k i n a s e . Can. 
J . Biochem. , 54, 438-445. 
Sweely , C.C. & Dawson, G. (1969) . L ip ids in e r y t h r o c y t e s . In: Red cel l 
membrane s t ruc tu re and funct ion", (G.A. Jamnieson ^ T . J . Greenwall 
e d s . ) , p . 1 7 2 , L ippincot t C o . , P h i l a d e l p h i a . 
T a l v i t e , N.A. (1953). A c o l o r i m e t r i c method for de te rmina t ion of vanadium 
with 8-quinolinol; Appl ica t ions of b io logica l m a t e r i a l s . Anal. C h e m . , 
25 , 604-607. 
Tan, L . P . & Ng, M.L. (1977) , The tox ic effects of t r i a l k y l t i n compounds 
on ne rve and muscle . J . Neurochem. , 29, 689-696. 
T e r r a n o v a , V . P . ; Rao, C .N . ; Ka l eb i c , T . ; Margul ies , I .M. & L i o t t a , L .A. 
(1983) . Laminin r e c e p t o r on human b r e a s t carcinoma c e l l s . P r o c . Na t l . 
Acad. Sci . USA, 80, 444-448. 
T e r r a n o v a , V . P . ; Rohrbach , D.H, & Mart in , G. R. (1980) . Role of laminin 
in the at tachment of PAM 212 ( e p i t h e l i a l c e l l s to basement membrane 
co l l agen) , Ce l l . 22, 719-726. 
Thomas, M . J . ; Mehl, K.S . & P r y o r , W.A. (1982) . The role of s u p e r o x i d e 
in xanthine o x i d a s e - i n d u c e d au tooxida t ion of l ino le ic a c i d . J . B io l . 
Chem. , 257, 8343-8347. 
T impl , R. ; Engel, IJ .J . & Mar t in , G. R. (1983) . Laminin a mult i funct ional 
p ro te in of basement membrane. In "Trends in b iochemica l s c i ences" 
(Pe r s e d . ) , 8, 207-217. 
T impl , R. ; Rohde, H. ; Robey, P . G . ; Remard, S . I . ; F o i d a r t , J .M. & Mar t in , 
G. R. (1979). Laminin: A g lycopro te in from basement membrane . J . 
Biol . Chem. , 254, 9933-9977. 
Timpl , R. ; Uberbaumer, I . ; F u r t h m a y e r , H. & Kuhn, K. (1982) . Macromole-
cular organizat ion of t y p e IV col lagen . In "New t r ends in basement 
membrane r e s e a r c h " . Workshop Conf. Hoechst , 10th, 1981, (Kuhn, 
K.; Timpl , R. & Schoene, H. e d s . ) , p p . 5 7 - 6 7 , Raven P r e s s , New 
York. 
Trumole , W.R.; Reeves , J . P . & Sutko, J . L . (1980) . ATP-dependent calcium 
t r anspo r t and c a l c i u m - a c t i v a t e d Mg-ATPase a c t i v i t y in c a r d i a c s a r c o -
lemmal membrane v e s i c l e s . Fed . P r o c , 39, ( a b s t r a c t ) , 2175. 
T s a i , C . S . ; Godin, R . P . & Wand, A . J . (1985) . Dye s e n s i t i z e d p h o i o o x i d a -
tion of enzymes. Biochem. J . , 225, 203-208. 
Tu, S-I & S l iwinsk i , B . J . (1985) . Mechanis t ic inves t iga t ion of corn root 
plasma membrane ATPase. Arch . Biochem. B i o p h y s . , 241, 348-355. 
Vanderkooi , G. & Green, D.E . (1970) . Biological membrane s t r u c t u r e , 
I . The prote in c r y s t a l model for membranes . P roc . Nat l . Acad. Sc i . 
USA, 66, 615-621. 
VanExam, R .J . & Hal l , B.K. (1983) . Ep i the l i a l induct ion of os teogenes i s 
in embryonal ch ick mandibu la r mesenchyme: a p o s s i b l e r o l e of hasa l 
lamina. Can. J . Biochem. Cell B i o l . , 6 1 , 967-979. 
17'^ 
Varani , J . ; Love t t , I I I , E . J , ; McCoy, J . P . J r . ; Sh iba t a , S. ; Maddox, 
D . E , ; Goldstein, I . J . & VVLcha, M. (1983) . Differential e x p r e s s i o n 
of a l amin in- l ike subs tance by h igh and low-metas ta t i c tumor c e l l s . 
Am. J . P a t h o l . , I l l , 27-34 . 
Vargas , M.A.; Maurino, S .G. ; Maldonado, J .M. & Apar i c io , P . J . (1982) . 
Photoinact ivat ion of sp inach n i t r a t e r e d u c t a s e s ens i t i z ed by f l av in 
mononucleotide; ev idence for involvement of s ingle t oxygen . Photochem, 
P h o t o b i o l . , 36, 223-228. 
Verga, S. ; Csemely, P. & Martonosi , A. (1985) . The binding of vanadium 
(v) ol igomers to s a r cop la smic r e t i cu lum. Eur . J . Biochem. , 148, 
119-126. 
Vi jaya, S. ; Crane , F . L . & Ramasarma, T. (1984) . A v a n a d a t e - s t i m u l a t e d 
NADH ox idase in e r y t h r o c y t e membrane genera tes hydrogen p e r o x i d e . 
Mol. Ce l l . Biochem. , 62, 175-185. 
Vlodavsky , I . & Gospodarowicz , D. (1981) . Respec t ive ro l e s of laminin 
and f ibronect in in a d h e s i o n of human carcinoma and sarcoma c e l l s . 
Nature, 289. 304-306. 
Vracko, R. (1974). Basal lamina scaffold: anatomy and s igni f icance 
for maintenance of o r d e r l y t i s sue s t r u c t u r e . Am. J . P a t h o l . , 77, 
313-338. 
Vracko, R. & Bendi t t , E . P . (1972) . Basal lamina: the scaffold for 
o r d e r l y cel l rep lacement o b s e r v a t i o n on regenera t ion of in ju red 
ske le ta l muscle f i b e r s and c a p i l l a r i e s . J . Cell B i o l . , 55 , 406-419. 
Wagner, H. ; L issau , A . ; Holzi , J . & Horhammer, L. (1962) . The incoi:-
pora t ion of P32 into the inos i t a l p h o s p h a t i d e s of r a t b r a i n . J . 
Lip id R e s . , 3 , 177-180. 
Wakayama, Y. ; Bonil la , E. & Schot land , D.L. (1980) . U l t r a s t r u c t u r a l 
local iza t ion of concanaval in A binding s i t e s in s a t e l l i t e c e l l s of 
human ske le t a l muscle . Cell Tissue R e s . , 210, 79-84. 
Wallach, D .F .H. (1972). Special methods of s t u d y dynamic p e r s p e c t i v e s , 
genetics and pathology in the plasma membrane. Vol .18 , C h a p t e r 
IV, p . 5 3 , Sp r inge r -Ver l ag , New York. 
Wang, R . J . & Nixon, B . T . (1978) . Iden t i f i ca t ion of hydrogen p e r o x i d e 
as a photoproduct tox ic to human ce l l s in t i s s u e - c u l t u r e medium, 
i r r a d i a t e d with day l igh t f luorescent l i g h t . In v i t r o , 14, 715-722. 
Warren, L. (1959) . The t h i o b a r b i t u r i c ac id a s s a y of s i a l i c ac 
Biol . Chem. , 234, 1971-1975. 
Wate r s , M.D. (1977). Toxicology of vanadium. AHv. Mod- T n x i r o l . , 
2 , 147-189. 
Webb, R .B . ; Malina, M.M. & Benson, D .F . (1967) . Action spect rum 
for mutagenesis by v i s i b l e l igh t in E s c h e r i c h i a c o l i . Genet ics , 
56, 594-595 ( a b s t r a c t ) . 
Weber , A.; Herz, R. & Re i s s , I . (1967) . The na ture of the c a r d i a c 
re lax ing fac tor . Biochim. B i o p h y s . Acta, 131, 188-194. 
Weber, A. & Murray, J .M. (1980) . Molecular control mechanism in muscle 
cont rac t ion . Phys io l . R e v . , 53 , 612-673. 
Weiser , M.M. (1973). In tes t ina l e p i t h e l i a l ce l l surface membrane g lyco-
pro te in s y n t h e s i s . I . Ind ica tor of ce l lu l a r d i f f e ren t i a t ion . J . Biol . 
Chem. , 248, 2536-2541. 
Weiss , R . E . ; Rober t s , W.M.; S tuhmer , W. & Aimers , W. (1986) . Mobi l i ty 
of voltage dependent ion channels and lec t in r e c e p t o r s in sarcolemma 
of frog ske le ta l musc le . J . Gen. P h y s i o l . , 87, 955-983. 
Westberg , N.G. & Michae l , A . F . (1970) . Human glomerular basement 
membrane. Prepara t ion and compos i t ion . B i o c h e m i s t r y , 9, 3837-3846. 
Wewer, V.; A lb rach t sen , R. ; Manthorpe , M. ; Varon, S. ; Engval l , E. 
& Ruosiaht i , E. (1983) . Human laminin i s o l a t e d in a nea r ly i n t a c t , 
b io logica l ly ac t ive form from placenta by l imi ted p r o t e o l y s i s . J . 
. B i o l . Chem. , 258, 12654-12660. 
Wibo, M.; Morel, N. & Codf ra ind , T. (1981) . Different ia t ion of Ca"^"^-
pumps l inked to plasma membrane and endoplasmic re t iculum in 
the microsomal f rac t ion from in tes t ina l smooth muscle . Biochim. 
B iophys . Acta, 649, 651-660. 
Wilson, C . B . ; Gushwa, L . C . ; Pe t e r son , O.W.; Tuckor , B . J . & Blan tz , 
R.C. (1981). Glomerular immune injury in the r a t : Effect of a an ta -
gonists of his tamine a c t i v i t y . Kidney I n t . , 20, 628-635. 
Wright , J . R . ; Colby, H.D. & Mi les , P.R. (1981) . Cytoso l ic fac to rs 
which affect microsomal l i p i d p e r o x i d a t i o n in lung and l i v e r . Arch . 
Biochem. B i o p h y s . , 206, 296-304. 
175 
Yee, C. & Shiu , R . P . C . (1986) . Degradat ion of endo the l i a l basement 
membrane by human b r e a s t cancer cel l l i n e s . Cancer R e s . , 46, 1835-
1839. 
Za id i , S . I .M. ; Pandey, R.N. ; Kidwai , A.M. & Kr i shnamur t i . C.R. (1981) . 
A r a p i d method for p r e p a r a t i o n of sarcolemma from frog s k e l e t a l 
muscle. J . B i o s c , 3 , 293-302. 
Z l a t k i s , A.; Zak, B. & Boyle , A . J . (1953) . A new method for the d i r e c t 
de terminat ion of serum c h o l e s t e r o l . J . L a b . Cl in . Med. , 4 1 , 486-
492. 
